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ABSTRACT 
 
Virtual reality has been a popular training tool for individuals with Autism 
Spectrum Disorder (ASD) in recent years. Although virtual reality was proven to be a 
promising tool for individuals with ASD by many previous studies, effects of virtual reality 
properties on user experience is still an unexplored area. More comparison studies and 
reliable data are needed to identify the benefits of different VR methods and properties, 
and leverage the future VR systems. In this dissertation, we explored effects of virtual 
reality properties on user experience of high functioning individuals with ASD with four 
different serious game experiments. The first experiment consisted of a virtual reality 
serious game system for vocational training of individuals with ASD. Although this 
experiment was focused on the effectiveness of virtual reality training on vocational skills 
of individuals with ASD and was not comparative; during the user study with 9 
neurotypical and 9 high functioning ASD individuals, several observations regarding the 
effects of virtual reality properties on user experience have been performed. The next 
three experiments investigated the following: effects of instruction methods on user 
performance with virtual reality warehouse serious game, effects of visual fidelity and 
view zoom on user performance with a virtual reality investigation serious game, and 
effects of environmental clutter and motion on user performance with a virtual reality 
searching serious game. These three experiments were evaluated with user studies of 15 
neurotypical and 15 high functioning ASD individuals. 
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Our motivation was to provide positive contribution to the design and 
development of future virtual reality serious games targeting individuals with ASD so that 
more benefits could be gained from these applications. Results of the virtual reality for 
vocational rehabilitation experiment indicated that virtual reality provided effective 
training especially for the money management, cleaning and social skills of high 
functioning individuals with ASD. The distracters in the form of background motion and 
audio did not affect the performance of the participants significantly. Based on the results 
of the instruction methods experiment, using animated instructions and avoiding verbal 
instructions in virtual environments was recommended for an audience of high 
functioning individuals with ASD. The visual fidelity and view zoom experiment’s results 
indicated that using low visual fidelity and normal view zoom are better design principles 
for training applications targeting high functioning individuals with ASD. The results of 
the experiment on clutter and motion in virtual workspaces suggested that using no 
clutter and no motion in training applications targeting high functioning individuals with 
ASD would provide better user experience. Several other design guidelines based on data 
analysis and observation were shared in the study, with the aim of leveraging future 
virtual reality serious games targeting high functioning individuals with ASD. 
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INTRODUCTION 
 
Autism Spectrum Disorder (ASD) is described as a cognitive disorder having 
effects that last throughout the individuals’ whole lives. Virtual reality (VR) has been 
becoming a popular tool for training and rehabilitation of individuals with ASD in recent 
years. This chapter discusses Autism Spectrum Disorder, virtual reality and challenges 
and design issues for virtual reality for individuals with ASD. Research questions, 
contributions of the dissertation, organization of the dissertation, and definitions and 
abbreviations were also shared. 
1.1. Autism Spectrum Disorder 
Main deficits associated with this neurodevelopmental disorder are: social 
interaction and communication, repetitive behaviors and adherence to routine [42]. 
Autism is a spectrum based disorder. Individuals with ASD can be diagnosed as high, 
medium or low functioning based on their characteristics and impairments [15]. The term 
high functioning can be described as being cognitively higher functioning than individuals 
in the Autism spectrum [25, 135]. This IQ threshold was defined as a score of 70. 
Although once considered as a rare disorder, research indicated increase in the 
number of individuals with ASD in recent years [83, 87]. Several possible reasons have 
been argued for this increase, such as the increased awareness and the lower threshold 
for diagnosis, and the expanded definition of ASD. Although the underlying reasons might 
not be clear, the increasing number of individuals with ASD motivated the development 
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of several technological tools for assisting and training individuals with ASD, virtual 
reality being one of the most popular among them. 
Since autism is a wide spectrum disorder, it is difficult to characterize the 
individuals with one stereotype. Each individual may have different characteristics or 
different combinations of characteristics. However, some deficits are commonly observed 
in individuals with ASD [35, 37, 42, 55, 71, 72, 78, 92, 97, 98, 107, 115, 124, 142, 147, 148, 
150, 159]. These deficits are: 
 Cognitive and intellectual abilities 
 Sensory processing 
 Language and gestures 
 Reciprocal conversation 
 Movement and motor skills 
 Eye contact 
 Imagination, abstract and symbolic play 
 Mental simulation 
 Different perceptions 
 Affect and empathy 
 Problem solving skills 
 Executive functions 
 Responses to sensory stimulation 
 Adaptation to changes 
 Generalization of learnt skills 
 Anxiety 
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 Cooperative working 
 Phobias/fears such as loud noises, dogs, thunderstorm and vacuum cleaners 
 Difficulty in distinguishing between important and unimportant 
events/aspects 
On the other hand, individuals with ASD are characterized to have affinity to 
technology and a strong visual memory. Some individuals may have extraordinary 
abilities in one specific area such as mathematical calculations and musical abilities. 
These rare individuals are referred to as autistic savants [38]. 
Due to these characteristics, training plays an important role for individuals with 
ASD. Suggested real world training methods for individuals with ASD emphasize the 
benefits of visual assisted methods [33, 50, 64, 66]. Visual cues have been thought to aid 
significantly in comprehension of individuals with ASD [94, 99, 127]. Using a simple 
picture with a few descriptive words is suggested as a good practice. Activity cards, 
instructions, cue cards and environmental categorizations are prepared with this 
technique and have been prevalently used in training individuals with ASD, especially 
children, for a long time. This is mainly due to this population’s strong visual memory and 
difficulties in language comprehension. Hence, simple pictures that are relevant to the 
context of the instructions and tasks play an important role in training individuals with 
ASD. Comic strips with brief drawings are also used for training on social contexts such 
as conversations between two people [51]. 
Video modeling is also used as another method for training and teaching 
individuals with ASD [27, 33, 66, 79, 111, 141]. This method is composed of a video of an 
individual who models the task or behavior that is to be taught. Individuals with ASD can 
also be videotaped and later reflected upon with the trainees, as another training method. 
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It is thought that individuals with ASD prefer video interaction due to their characteristic 
of feeling uncomfortable with social interactions that involve real people. 
Some technological tools have also been utilized in the training of individuals with 
ASD such as computers, mobile and tablet devices, especially in the classrooms of ASD 
specific schools and at some job training programs [16, 23, 66]. 
1.2. Virtual Reality 
Virtual reality (VR) aims at immersing users so that they think that that they are 
in a virtual environment. Virtual reality is defined in [57] as “a model of reality with which 
a human can interact, getting information from the model by ordinary human senses such 
as sight, sound, and touch and/or controlling the model using ordinary human actions 
such as position”. VR is distinguished from other computer technologies mainly by the 
high level of interaction and immersion it offers. Immersion is the level of sense of being 
physically there in the virtual environment that is offered by the virtual reality 
application. Presence on the other hand, is that feeling felt by the users. Immersion and 
presence increases the effectiveness of learning by eliminating the environmental 
distractions and helping the users on maintaining focus [162]. High degree of interaction 
in VR is provided via motion tracking and utilizing movements of the user into possible 
interactions in the virtual environments. Rendering based on the head position is also a 
contributing factor to the level of immersion. 
There are mainly three types of VR systems: wearable Head Mounted Displays 
(HMDs), projection systems that project the virtual worlds onto the environments and 
desktop computer systems [21]. Head mounted display is a visual display that covers the 
eyes of the user. Projection systems are often called CAVE, which represents seamless 
projections of the virtual world onto walls, ceiling and floor of a room or panels 
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surrounding the user [57]. Immersive VR is a type of VR in which the users are completely 
surrounded by the virtual environment as if they stepped inside the virtual world. This is 
achieved by means of a Head Mounted Display or CAVE projections along with motion 
tracking. 
VR has been becoming a popular training, rehabilitation and intervention tool for 
individuals with ASD in the recent years. Although most of the studies so far were 
evaluated with small groups of participants and provide weak evidence individually, as 
results of all of these studies are reflected upon as a whole, strong promising nature of VR 
as a training tool for individuals with ASD can be concluded. 
Early studies concentrated on the acceptance of VR for individuals with ASD and 
many studies confirmed that they perceived VR positively and accepted it [48, 120, 147, 
148]. Several VR studies indicated that VR provided enriched learning and training 
experiences [14, 18, 86, 110, 122, 131, 160]. Prevalent usage of VR in training and 
rehabilitation in general is because of the more effective learning of human brain when 
presented with visual, auditory and tactile senses simultaneously [59]. Individuals with 
ASD are especially thought to benefit from this, due to their strong visual memory. 
Individuals with ASD learn better when presented with visual spatial information, which 
can be easily achieved via VR [99]. 
VR training offers several advantages for individuals with ASD that play to their 
strengths [35, 48, 120, 126, 131, 147, 158]. These key advantages are as follows: 
 Practicing in a safe environment 
 Gradually increasing task complexity 
 Active participation within the virtual world 
 Reinforcement through repetition 
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 Creation of alternative realistic scenarios that facilitate easier generalization of 
concepts by variation 
 Customization of tasks and scenarios to cater to the wide spectrum 
 Real time alteration of properties 
 Decreased stress due to the user’s independently operating the system 
 Highly structured training and predictability 
 Clear boundaries to the tasks 
 High level of control on the provided stimuli 
 Focus of interest by isolation from the surroundings 
 Visualization of concepts 
 Real time prompts 
 Immediate feedback 
 No severe consequences of mistakes 
 Automated data collection and replaying scenes for reflection 
 Automated assessment and reporting 
 Fixation to stable environments 
 No or minimized human interaction 
 Being highly visual based, exploiting the thought and memory patterns of 
individuals with ASD 
 Being appealing to this technology savvy population 
In the early stages of VR, National Autistic Society stated their positive opinions 
on the effective use of VR for ASD, since VR offers an environment in which people with 
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ASD can feel comfortable. They affirmed the potential successful use of VR for training 
individuals with ASD, especially in life and social skills [12]. 
There have been several previous studies showing successful transfer of the skills 
that learnt via VR to the real life for neurotypical individuals [3, 58, 133, 139, 152]. There 
has been debate on whether VR could successfully provide generalization and transfer of 
the learned skills for individuals with ASD as well, since this population is characterized 
to have deficits in generalization. Several researchers studied this and various previous 
studies reported results that confirm successful generalization and transfer rates from 
virtual worlds to real life for skills of individuals with ASD trained with VR [32, 33, 62, 
70, 89, 117, 120, 137, 144, 148]. However, it must be considered that individuals with ASD 
may need more careful design regarding their characteristics. Providing a structured 
training that would encourage the generalization of skills with alternative scenarios and 
environments might help in better transfer and generalization of skills for individuals 
with ASD. 
1.3. Challenges and Design Issues in Virtual Reality for Autism 
There are several resources on the best practices for providing educational and 
training material for individuals with ASD in real life [49, 66, 94, 99, 132]. These 
resources were mostly prepared for schools and families of this population; not for 
developing computer technologies. However, some practices can still be applied to the use 
of computer technologies. Some of the key design guidelines for training individuals with 
ASD in real life are listed below: 
 Providing realistic stimuli that is relevant to the scope of the task trained on 
 Providing highly structured, organized and systematic content and learning 
environment 
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 Establishing routines and following them 
 Providing warnings before changes to routines in the form of visual cues or 
other assistive methods 
 Customization of programs according to needs of the individuals in this wide 
spectrum 
 Providing flexibility and alternative methods in teaching 
 Providing clear goals 
 Providing a clear list of expectations 
 Using brief language and short sentences since it may cause shift of attention 
after a few sentences 
 Avoiding use of irony and other abstract concepts, using literal language 
 Highlighting key words 
 Giving concrete examples relevant to the context and avoiding direct teaching 
of information 
 Making connections to the previous and other content areas for easier 
generalization of the learned material 
 Giving instructions for a sufficient duration, not for a short amount of time 
 Favoring simplicity in all forms of information presentation 
 Removing unnecessary complex information of all forms since it may cause 
distraction 
 Providing alternative methods of communication instead of verbal such as 
true/false cards or drawings 
 Allowing for repetition of tasks for learning 
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 Chunking longer activities in small segments of around 15 minutes 
 Encouraging the use of technology for tasks such as writing and drawing since 
users with ASD feel more comfortable with computer interaction than human 
interaction 
Although there is an established agreement on the good design principles for 
training individuals with ASD in real life, this is not the case with the VR training. There 
is a gap between the autism researchers who are experts in needs and preferences of 
individuals with ASD, and the computer scientists who develop VR systems for 
individuals with ASD. Hence, while designing such VR systems for effective training of 
individuals with ASD, several questions arise such as: What color schemes should be 
used? What kind of presentation method work better? Should the environment be 
cartoonish or realistic? How crowded should the environment be? Would dynamic objects 
around degrade their focus or prepare them better for real world? What is the limit until 
the dynamic objects cause distraction? Should real voice recordings or computer 
generated voice be used? This dissertation aims to bridge this gap by investigating effects 
of several VR properties on user experience of individuals with ASD. 
1.4. Research Questions 
The following research questions are aimed to be explored in this dissertation: 
 Would VR provide effective training on vocational skills for individuals with 
ASD? 
 How would virtual background distracters affect the performance of 
individuals with ASD? 
 Which instruction method would provide the best user experience for 
individuals with ASD in VR? 
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 How would visual fidelity and view zoom affect the performance of individuals 
with ASD? 
 How would environmental clutter and motion affect the performance of 
individuals with ASD? 
 What are the differences between neurotypical individuals and individuals with 
ASD in the use of VR training systems? 
 What are the good design principles for VR training applications targeting 
individuals with ASD? 
1.5. Contributions of the Dissertation 
In this dissertation, the following contributions were made: 
 We presented a comprehensive discussion on the advantages of VR for 
individuals with ASD and the challenges and design issues for future training 
applications regarding individuals with ASD. 
 We discussed and presented the design considerations that have been 
accumulated in the literature so far, mostly based on observations throughout 
the user studies exploring the usefulness of VR as a training tool for individuals 
with ASD. 
 We applied a new taxonomy that classified the previous state-of-the-art VR 
studies for training individuals with ASD according to immersive and regular 
VR systems and skill types of social, life and safety. A wide literature review was 
performed based on this taxonomy. 
 We presented the design considerations of a comprehensive immersive VR 
system for vocational training of individuals with ASD on six skills: cleaning, 
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shelving, environmental awareness, loading the back of a truck, money 
management and social skills. A user study was performed with 9 neurotypical 
and 9 ASD individuals. Data analysis based and observation based results and 
design considerations were presented. 
 We presented three immersive VR experiments that aimed to investigate effects 
of five VR properties on user experience of individuals with ASD: warehouse 
tasks experiment (instruction methods), inspection task experiment (visual 
fidelity and view zoom), searching experiment (environmental clutter and 
motion). User studies with 15 neurotypical and 15 ASD individuals were 
performed. Design considerations were shared based on data analysis, 
interviews and observations throughout the user study. Since most of the 
previous studies up to date explored the use of computer based regular VR 
systems for training applications catering to individuals with ASD, the results 
of the four user studies for immersive VR systems would provide different 
implications and perspectives on VR training for ASD. 
 A compilation of good design principles based on the conclusions drawn upon 
the user study results was shared with the aim of providing a repository for the 
future studies which would help in providing better VR experiences for 
individuals with ASD and increasing the gained benefits. 
1.6. Organization of the Dissertation 
The rest of this dissertation is organized as described below: 
 Chapter 2 presents literature review for the VR design considerations for 
neurotypical individuals, VR design considerations for individuals with ASD 
and VR training applications for individuals with ASD. 
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 Chapter 3 presents an advanced virtual reality vocational rehabilitation system 
that catered for six skills: cleaning, shelving, environmental awareness, loading 
the back of a truck, money management and social skills. The design 
considerations and the user study results for 9 neurotypical and 9 high 
functioning ASD individuals were presented. Design considerations regarding 
VR training systems for high functioning individuals with ASD were suggested. 
 Chapter 4 presents the VR experiment for the effects of instruction methods on 
user experience of individuals with ASD. A warehouse task based VR 
experiment was designed and implemented, and the effects of four instruction 
methods were investigated: animated, pictograph, verbal and written. The user 
study results were presented for 15 neurotypical and 15 high functioning ASD 
individuals. Design considerations regarding instruction methods in VR 
systems for high functioning individuals with ASD were shared in light of the 
user study results, interviews and observations throughout the user study. 
 Chapter 5 presents the VR experiment that aimed to investigate the effects of 
visual fidelity and view zoom on user experience of individuals with ASD. A VR 
inspection task experiment was designed and implemented, and the effects of 
two levels of each variable were investigated (high visual fidelity - low visual 
fidelity and normal view - magnified view). The user study results were 
presented for 15 neurotypical individuals and 15 high functioning ASD 
individuals. Design considerations regarding visual fidelity and view zoom in 
VR were suggested. 
 Chapter 6 presents the VR experiment on the effects of environmental clutter 
and motion on user experience of individuals with ASD. The experiment 
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included a VR searching task. The effects of two levels of each variable were 
investigated (clutter - no clutter and motion - no motion). The user study 
results were presented for 15 neurotypical and 15 high functioning ASD 
individuals. Based on the user study results, design considerations regarding 
environmental clutter and motion in VR training applications targeting high 
functioning individuals with ASD were discussed. 
 Chapter 7 includes conclusions and future work directions regarding the effect 
of VR properties on user experience of individuals with ASD. 
1.7. Definitions and Abbreviations 
In this subsection, the definitions of the terms that are used commonly throughout 
this dissertation are shared in the alphabetical order, with their abbreviations, if any. 
 Autism Spectrum Disorder (ASD): A neurodevelopmental disorder mainly 
characterized by lack in social interaction and communication, repetitive 
behaviors and adherence to routine. 
 CAVE: Seamless projections of the virtual world onto walls, ceiling and floor of 
a room or panels surrounding the user. 
 Field of View (FOV): The size of the visual field that can be viewed by a user 
through a display instantaneously. 
 Head Mounted Display (HMD): A visual display that covers the eyes of the user 
and throughout which the user can view virtual worlds. 
 High Functioning Autism: Individuals who are cognitively higher functioning 
(with an IQ score higher than 70) than other individuals in the Autism 
spectrum [135]. 
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 Immersive VR: A type of VR in which the users are completely surrounded by 
the virtual environment as if they stepped inside the virtual world and their 
movements are transferred into the virtual world. 
 Regular VR: A type of VR that uses computer monitors or TVs as displays. 
Sometimes, an HMD is used along with a computer in regular VR systems. 
 Serious Games: Games that have a purpose beyond entertainment such as 
teaching a new skill or providing training to enhance the existing skills. 
 View Zoom: The level of zoom with which the virtual world is displayed on the 
viewing device.  
 Virtual Reality (VR): A model of reality with which a human can interact, 
getting information from the model by ordinary human senses such as sight, 
sound, and touch and/or controlling the model using ordinary human actions 
such as position [57]. 
 Visual Fidelity (VF): The level of realism of the visuals in the virtual world. High 
visual fidelity means that the visuals are more realistic, low visual fidelity 
means that the visuals are simple and are not very realistic. 
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BACKGROUND AND RELATED WORK 
 
In this chapter, we present the previous studies on design considerations regarding 
VR systems for neurotypical individuals, design considerations regarding VR systems for 
individuals with ASD, and VR training applications for individuals with ASD. A taxonomy 
was applied based on the type of the VR system: immersive or regular, and type of the 
skill: social skills, life skills and safety skills. 
2.1. Design Considerations for Neurotypical Individuals 
Virtual reality applications have several properties such as tutorials, and 
environmental models. In this subsection, previous studies related to the instruction 
methods, visual fidelity, field of view, environmental clutter and motion are discussed 
with a focus on neurotypical individuals. 
2.1.1. Instruction Methods 
Although no previous work that we are aware of previously analyzed the effects of 
instruction methods in virtual reality training applications, many previous works are still 
related to the scope of this dissertation in various aspects. 
In the early years of computer generated training, it was believed that dynamic 
information presentations such as animations provided more benefits in understanding 
as compared to the static ones [90, 116, 130]. In later years however, this assumed 
advantage of dynamic information presentation methods over the static ones was refuted 
by Hegarty [60]. Dynamic presentations may have better visualization advantages while 
18 
having the pitfalls of requiring continuous attention of the user and being available as 
long as the duration of the demonstrated motion. Static presentations on the other hand 
do not rely on dynamic visualization but have the advantage of being continuously 
available to the user in the very same form. Using dynamic and static instructions 
simultaneously in computer applications was found to provide disjointed understanding 
since the user may not know how to integrate these components or which one to focus 
when [4, 6]. Bodemer et al. studied picture based and symbolic instruction presentations 
in computer based training environments and found out that active participation of the 
user in integrating the two provided better understanding [13]. 
Ushaw et al. studied the best practices that can be adopted from video games 
industry into development of serious games with a focus on health applications [154]. The 
authors suggested that in-game instructions should be brief, be on-screen instead of being 
on a manual or document and be readily available to the player as long as they would like 
to view them. The authors recommended using pre-recorded videos of in-game actions to 
be carried out as a useful method of instruction giving, based on their observations from 
commercial video games. Greyling and Calitz developed a user friendly computerized 
multimedia tutorial system to train students in using computerized tests comfortably 
[52]. The authors employed written and verbal instructions along with brief pictures in 
the form of simplistic icons. Studies mentioned so far focused on computer systems. We 
should point out that previous knowledge on computer systems may or may not be 
applicable to virtual reality systems since they have different implications and mechanics, 
and they provide different user experiences. 
Some previous studies explored utilizing spatial information in virtual reality 
training systems. Bowman et al. studied spatial information presentations inside a virtual 
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zoo environment to provide better learning [18]. In the virtual reality application, the 
authors employed verbal and text based information, and a few images to accompany 
these only for more complex content. Ragan et al. also studied the effects of 
supplementary spatial information presentations on user performance in virtual 
environments [128]. The authors used written and symbolic information in their training 
system. Most virtual reality training applications have some form of instructions, if they 
do not solely rely on human tutors. Recent virtual reality training systems utilized 
different forms of instructions and in-game information. Oliveira et al. used text based 
instructions in their industrial training VR application [114]. Bobadilla et al. used 
animated, written and verbal forms of instructions and information in their underground 
power distribution lines maintenance VR training system [46]. In their virtual reality 
system for training athletes for high pressure situations, Stinson and Bowman used 
written messages for information conveyance [146]. Carlson et al. utilized video based 
instructions in the VR assembly tasks training system they developed [24]. The videos 
were pre-recorded and showed demonstrations of using the input devices and carrying 
out the in-game tasks. Chittaro and Buttussi utilized written and very brief picture based 
instructions in their VR aviation safety training game [30]. In their study of virtual reality 
laparoscopic surgery training curriculum development, Aggarwal et al. used a one to one 
human training approach to familiarize the users with the system first [2]. Then, inside 
the virtual reality training module, written and brief visual based instructions were used. 
Corato et al. developed a virtual reality training system for hand washing procedure of the 
surgery staff [31]. The authors utilized overlaid real time animations that performed the 
same task along with the user. There were also supplementary written on-screen 
instructions to explain the users what to do. Although these studies used various forms of 
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instructions, since the main focus of the studies were providing effective training with 
virtual reality, the authors did not explore the effects of different instruction methods. 
Some researchers utilized Second Life in their training studies. Second Life is a 
popular online multiplayer game in which the users can customize virtual avatars so that 
that represent themselves or any other desired human figure [57]. Since the multi-player 
game allows for high scenario, environment and character customization; some studies 
adopted Second Life as their VR serious game platform. Boulos et al. examined the use of 
Second Life as a medical education tool [17]. Second Life uses written and brief picture 
based in-game instructions as default. However, the users and developers can customize 
their own virtual spaces inside the game and put in the information they want. HealthInfo 
Island in this study of Boulos et al. is an example in which written and visual based health 
information resembling presentation decks was presented to the users on virtual displays. 
2.1.2. Visual Fidelity 
Some previous studies explored the effects of visual fidelity and field of view (FOV) 
on task performance, presence and motion sickness in VR. Visual fidelity can be described 
as the level of realism of the visuals. Higher visual fidelity means that the visuals are more 
realistic, lower visual fidelity means that the visuals are simple and are not very realistic. 
Ragan et al. studied the effects of visual complexity (fidelity) and field of view on user 
performance for a visual scanning task in VR [129]. The goal of the user was to search for 
targets around the virtual city streets while their point of view was moved automatically. 
Visual complexity included more realistic textures, more detailed geometry and 
additional static props. Field of view was changed by limiting the view with virtual black 
blinders. Results indicated that higher visual complexity worsened the user performance. 
However, visual complexity included both increased visual fidelity and increased clutter 
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in the scene. Hence, the effects of these two elements were not explored separately in the 
study. In contrast, high field of view resulted in better user performance. Lee investigated 
the effects of visual realism on searching tasks with a high fidelity VR display system [88]. 
The authors utilized real life images and three visual fidelity levels of virtual images in a 
searching task. Results indicated that visual fidelity did not have an effect on the user 
performance. However, the authors linked this result to the difficulty of the designed task 
for the experiment and avoided generalizing this result for all searching tasks in VR. 
Results of the study also indicated that level of visual fidelity did not have an effect in level 
of presence. Zimmons and Panter explored the effects of visual fidelity on task 
performance and presence in VR [166]. In the study, visual fidelity was changed in terms 
of texture resolution and lighting. The goal of the users was to drop objects onto a virtual 
target below. The task took place in a virtual pit room, which created a sense of danger in 
the participants. Visual fidelity did not affect the task performance. Presence results were 
not affected by visual fidelity either. The authors interpreted that the dangerous nature of 
the task overshadowed possible differences between the conditions. Slater et al. studied 
the effects of visual fidelity on presence in VR [143]. The experiment took place in a virtual 
pit environment. Visual fidelity was changed in terms of the rendering quality (shadows 
and reflections). The users were exposed to the virtual environment for three minutes. 
The results indicated that high visual fidelity led to more presence and physiological 
responses regarding stress. 
Some previous studies found out that visual fidelity did not have an effect on 
distance estimation in virtual environments [151]. On the other hand, some studies 
reported results indicating that increased visual fidelity affected the distance estimation 
at closer distances, leading to more accurate estimations [80]. The previous studies 
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reported different results regarding the effects of visual fidelity on task performance in 
VR. Bowman and McMahan suggested that for complex tasks that require complex 
visualizations and that are more difficult to understand, higher visual fidelity may lead to 
better user performance. However, for simpler tasks that call for simpler visualizations, 
low visual fidelity may lead to similar results as high visual fidelity [19]. 
2.1.3. Field of View 
Although no previous study to our knowledge studied the effects of magnified view 
on user performance in VR, some studies investigated the effects of field of view, which 
can be related to magnified view. Field of view (FOV) is described as the size of the visual 
field that can be viewed by a user instantaneously [19]. Arthur explored the effects of field 
of view on user performance in a virtual reality searching task [8]. The goal of the users 
was to find virtual objects outside their FOV by looking around in the virtual world. The 
results indicated that higher FOV led to better user performance. 
Some studies explored the implications of larger head rotations in VR so that the 
virtual viewing direction was changed more than the real world rotation made by the 
users. In their study, Jaekl et al. asked the users to adjust the level of rotational 
amplification in an HMD while viewing a virtual environment until they felt that the view 
was as it should be [67]. The results indicated that there was preference for amplification 
with an average value of 1.26x. The users stated that they felt more natural with amplified 
head rotations. Kopper et al. investigated the effects of larger head rotations in a scanning 
and a counting task in VR [82]. In the scanning task, the users looked for threatening 
virtual people while driving down a virtual city street. In the counting task, the users stood 
still on a virtual intersection and were requested to count the number of people around 
them in the virtual world by rotating in 360 degrees. The results indicated that an 
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amplification up to 3x had no effect on the scanning task performance for large and 
medium FOVs; however, increased the performance for low FOV. For the counting task, 
amplification led to worse performance, leading to double counting of some virtual people 
by the users, since there was no selection mechanism in the task. The authors suggested 
avoiding large amplifications in tasks that require the users to make large rotations in the 
virtual environments that lack sufficient visual cues. Jay and Hubbold also explored the 
effects of amplified head rotations and hand movements for narrow FOVs [69]. The study 
included a VR searching task in which the users searched for and selected some virtual 
targets. The results indicated that amplified rotations improved the user performance and 
did not make the users uncomfortable. Most of the participants stated preference for 
amplified rotations over one to one rotations. The results also indicated that body 
movements should also be amplified proportional to the head rotations to provide the 
users a natural interaction. 
These previous studies indicated that amplified head rotations and movements 
may not be noticeable and even be favorable by users in some VR applications. Amplified 
head rotations and movements may decrease the required real head rotations and 
movements, leading to less fatigue and less risk of getting tangled in display cables. 
It was found out that field of view had an effect on distance estimation in virtual 
environments [80]. High FOV led to underestimated distances whereas low FOV led to 
overestimated distances. Some studies focused on effect of FOV on presence and motion 
sickness. Arthur reported results indicating that FOV in an HMD had no effect in either 
presence or motion sickness [8]. Even low FOVs such as 48 degrees did not affect these 
two metrics. 
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2.1.4. Environmental Clutter and Motion 
There have been very few studies that explored the effects of clutter and movement 
on user performance or experience in VR. Ragan et al. studied the effects of visual 
complexity and field of view on the effectiveness of training on visual scanning tasks in 
virtual reality systems [129]. The authors included clutter, dynamism and textural fidelity 
in their visual complexity component so that the increased visual complexity included 
more realistic graphics and more static objects such as vehicles, people, plants and street 
lights. The users were requested to find the targets around a virtual urban environment 
while automatically moved, under different conditions. The results indicated that higher 
visual complexity degraded the user performance. However, the definition of visual 
complexity in the study included many elements and the effects of separate elements were 
not examined. Bacim et al. explored visual display fidelity, visual complexity and task 
scope regarding the user’s understanding of graphs in virtual reality [10]. The study 
included abstract visuals such as lines, numbers and geometric shapes. The cluttered case 
included more of these visuals than the non-cluttered case. The users were requested to 
perform four tasks using 3D graphs: intersection search, path following, connection 
identification and length comparison. Results indicated that higher clutter led to slower 
performance in terms of time. However, clutter did not affect the correctness of the 
results. Since the study did not include realistic visual elements but only abstract ones, 
the results may not be applicable to games and applications that have realistic visual 
elements. Ferrer et al. investigated effects of background motion and visual clutter on 
perception of virtual object motion in augmented reality  [41]. Although augmented 
reality is different than virtual reality, the study is related in terms of implications of 
clutter and motion on user performance on a perception task. The users were requested 
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to track the velocity changes in moving virtual particles on a black background and a 
cluttered/high motion background. The results indicated that the presence of clutter and 
motion degraded user performance and made it more difficult for the users to perceive 
the velocity of the tracked particles. The authors interpreted that clutter and motion 
caused perceptual illusions in the tracking of the moving particles and made it more 
difficult for the users to track them since there were no consistent reference points. As the 
participants were interviewed, twenty-five out of the thirty stated that the motion made 
the task more difficult rather than the clutter. Since the study examined the clutter and 
motion together in a single condition, effects of the separate components on user 
performance were excluded from the study’s scope. 
2.2. Design Considerations for Individuals with Autism 
As many previous studies pointed out, well established design guidelines for 
computer based training applications for individuals with ASD do not exist in the 
literature [36, 109, 125]. Several studies so far have been mentioning the difficulties 
arising from the unknowns in the design considerations for this specific population. 
Because of this, some previous studies that were characterized by small sample sizes 
included the lessons learned, the statements by their participants on their preferences 
and the observations of the researchers, practitioners, teachers and family members. 
However, these observations were not based on comparative user studies or statistical 
data. It must also be considered that the design considerations that have been shared in 
the literature so far were heavily dependent on the context of the tasks, the alternatives 
that were provided in the experiment, the characteristics and the preferences of the small 
groups of participants and the other conditions of the study. In this section, design 
considerations that have been shared by previous studies on using VR technologies for 
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individuals with ASD are presented. Most of these studies were designed for children with 
ASD, although some of the studies encompassed adolescents, adults or the whole 
population of ASD. These design considerations not only cover VR based training 
applications, but also cover computer based applications that were used for several other 
purposes such as entertainment and rehabilitation of individuals with ASD. 
In this subsection, we present the design considerations regarding virtual reality 
applications for individuals with ASD that have been shared by the previous studies so far 
in three main categories: methods of information presentation, task design and VR 
system. 
2.2.1. Methods of Information Presentation 
In this sub-subsection, design considerations regarding methods of information 
presentation in virtual reality are presented in five categories: sound, text, visual, 
animation and tutorial. 
2.2.1.1. Sound 
Avoiding sudden loud sounds have been advised by several previous studies so far 
[36, 49, 65, 155]. Some studies suggested that background sounds in VR applications may 
be annoying, even if they are natural and in relation to the context of the task [76, 102]. 
They suggested providing optional sound with volume control. On the contrary, another 
study observed that sound effects increased the motivation of the participants with ASD 
[29]. Due to the characteristics of ASD having difficulty with processing verbal 
instructions, giving only verbal instructions for the tasks were not observed to work well 
for this population [11, 149]. However, as used complementary to other methods or 
instead of having no explanation; audio explanations of tasks were stated to provide better 
understanding [39, 81, 93]. 
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2.2.1.2. Text 
Due to the difficulties of individuals with ASD in language processing, it was 
advised to avoid using only written instructions in virtual reality applications [102]. On 
the other hand, another study shared their observations on the increased motivation of 
the users with the written cues [29]. 
2.2.1.3. Visual 
Simplified graphics in facial expressions were stated to provide more effective 
processing of information for individuals with ASD [119, 121]. Another study concurred, 
favoring less detailed faces [40]. In [81], the importance of having simplified graphics was 
emphasized. However, in other studies, the participants were stated to perceive more 
detailed virtual avatars as closer to real humans [119, 157]. The high quality images were 
reported to be perceived more positively by the participants and increased the level of 
presence. 
On another aspect of visual, clutter free scenes were stated to work better by some 
previous studies [81, 134, 149]. As an example, when there were less objects to collide with 
in the virtual world, the users with ASD navigated easily. Using a limited number of 
drawings was also advised in order not to overwhelm the users [49, 155]. Clear foreground 
background differentiation was reported to work better [81, 123, 134]. Avoiding using 
bright colors and using mild colors was also advised. 
Many studies emphasized the affinity and attention of individuals with ASD for 
visual presentations. Large, colorful and spinning objects were stated to attract a lot of 
attention by the participants. The users gave great attention to physical details of objects 
such as color, shape and movement [11, 36, 44, 149]. Based on the observations from their 
study and advice collected from the practitioners working with children with ASD, using 
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visual symbol cards with accompanying verbal explanations was reported to work well for 
individuals with ASD by Lanyi and Tilinger [86]. 
2.2.1.4. Animation 
3D animations were reported to attract the attention and increase the motivation 
of participants with ASD [29, 81, 86, 157]. Movement by animation helped to attract 
attention and make the children focus on the desired area. Animated feedback was also 
stated to be important in maintaining the interest of children. However, it was also 
reported that highly engaging objects through their sensory properties such as movement 
and shininess may detract the user from the tasks [44]. Hence, the number of interactive 
objects in a scene was thought to be crucial in controlling the pace and excitement. 
Avoiding unnecessary dynamism was stated to work better [36, 44]. 
2.2.1.5. Tutorial 
For VR tutorials, using a virtual teacher was reported to work well for individuals 
with ASD in some studies. Due to the discomfort in human interactions, animated animal 
characters such as dogs were observed to increase the motivation better than human 
characters in some studies. Instead of utilizing virtual teachers to give the users feedback 
and talk about correct or incorrect actions taken, using alternative characters who teach 
was suggested as a better design principle for children with ASD [39, 53, 81, 126, 149]. 
Children were reported to perform better when a virtual character first demonstrated the 
requested task as a role model [75, 149]. It was observed by Strickland et al. that children 
learned best when the tutorial was showed twice, then the user repeated the task twice 
[149]. 
Using images and animated avatars with accompanying narrations and speech in 
VR was reported to work well for tutorials [39, 81]. Video was observed to be confusing 
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as a tutoring method and the use of simple images was better suggested by Howlin [65]. 
From another point of view, video based explanations were slightly favored by 
participants over cartoonish avatar based explanations in the study of Millen et al. [101]. 
Since their attention spans are short and can be shifted easily, restricting control 
in crucial training scenes was reported to work better for maintaining the focus on the 
desired element [149]. An accompanying facilitator who provides physical assistance 
during training was suggested as a design observation [119, 134]. Although the authors 
did not mention its effectiveness, this method was used by most of the studies mentioned 
in this chapter. 
2.2.2. Task Design 
In this sub subsection, design considerations regarding virtual reality task design 
for individuals with ASD are presented in four categories: exploiting the ASD 
characteristics, task complexity, feedback and task content. 
2.2.2.1. Exploiting the ASD Characteristics 
Many previous studies mentioned the importance of providing structure and 
routine in the training, since these aspects concur with the characteristics of ASD 
population. Providing consistency throughout all levels, so that rules and relationships 
are the same, was also suggested as a design consideration. Providing clear goals and 
objectives to the users were stated to be very important in training individuals with ASD 
[5, 11, 35, 36, 49, 81, 102, 155]. Several studies agree on the importance of utilizing the 
ability of individuals with ASD for attention to detail and their strong visual memory in 
the task designs and VR experiences [11, 35, 49, 155]. 
Making the users feel in control was also emphasized as a good design principle by 
some previous studies [49, 76, 149, 155]. As an example, the authors shared their 
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experience of how the penalties that took control away from the participants, such as 
moving back in the flow of the game or being exposed to a black screen for more than five 
seconds, created irritation and did not work well for individuals with ASD. Vastness of 
the virtual worlds was also found to be irritating by the participants with ASD. These are 
linked to the affinity of individuals with ASD for being in control and predictability. 
Repetition of the learned tasks was observed to provide better training, 
suggestively due to rote memory skills of individuals with ASD [11, 36, 102, 110]. To 
facilitate this, randomness in tasks was suggested since the users with ASD was observed 
to tend to repeat the correct way over and over, once learned [102, 110]. Using short 
sessions was advised in order not to overload the participants since individuals with ASD 
are characterized to have short attention spans [11, 36, 77]. Giving multiple stimuli 
concurrently was stated to be overwhelming and better avoided [53, 81]. Engagement 
with tasks was observed to decrease the repetitive behaviors in the participants, which is 
a commonly seen characteristic of ASD [134]. 
2.2.2.2. Task Complexity 
Gradual increase of difficulty in VR tasks was observed to work better in training 
individuals with ASD [77, 110, 149]. Increasing the intensity of environmental VR 
elements such as crowdedness, dynamism and sounds gradually was also advised in order 
not to overwhelm the users and to provide room for adjustment. Breaking the instructions 
and tasks to be performed down was stated to work better in [149] and [81]. Avoiding 
providing unachievable and daunting goals was found out to be important for not 
breaking the motivation of the participants with ASD in [5] and [81]. 
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2.2.2.3. Feedback 
Providing real time feedback was found out to be very important. Researchers 
observed that positive feedback given after performed tasks provided motivation in the 
participants with ASD [36, 81, 86, 118]. Progress tracking with a tool such as a score bar 
or a task counter was stated to provide a means for tracking and comfort for individuals 
with ASD [149]. On the contrary, another study suggested avoidance from competitive 
elements such as score due to the negative feelings it created on the users with ASD [102]. 
As mentioned previously, individuals with ASD were stated to show interest in 
animations. An experience in this regards on highlighting the negative actions was shared 
by Strickland et al. [149]. The researchers stated that when they used animations or effects 
to highlight the negative actions, this did not provide learning for the users but provided 
enjoyment in watching these feedbacks. The researchers found out that giving a black 
screen for a short amount of time (one or two seconds) worked better. However, keeping 
this duration long resulted in a feeling of loss of control in the participants with ASD. 
Rewarding, especially when related to their sensory interests such as attractive 
movement, colors and shapes was stated to provide motivation in individuals with ASD 
by several previous studies [5, 44, 103, 155]. Negative statements of failure were reported 
to make the users with ASD anxious. Encouraging words were advised to be used even in 
the negative situations [36, 110]. 
2.2.2.4. Task Content 
Several studies reported the benefits of an inclusive design approach, which 
involves children, families, teachers and other related parties in the design phase, since 
individuals with ASD have different needs and perceptions than neurotypical individuals 
[43, 44, 76, 101, 118, 134, 157]. Participants with ASD were reported to be willing in 
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customizing the virtual environment in some previous studies [75, 76, 101]. The 
researchers stated that this was expected to provide better training of children with ASD, 
by creating an identity expression. As an example, children showed willingness in 
customizing the design of the virtual environment, such as adding animals to the outdoor 
scene in [75]. 
Real and meaningful virtual experiences that have a link to real world were stated 
to provide better training in many previous studies [35, 77, 81, 149]. As a related practice, 
the authors shared a good design principle of placing the users at their normal real-world 
height levels in the virtual world. More active participation of individuals was observed 
when they were characterized actively in the virtual world [75, 76]. Examples given were, 
leadership requiring tasks and conversation initiation tasks. When the users were 
portrayed as leaders in the virtual world scenarios, they were more prone to act as a leader 
in the real world during the interactions. Integrating fun into the training was stated to 
provide motivation for individuals with ASD and yield more engaging training [126]. 
Multiplayer interactions and story driven goals were stated to provide better transfer of 
the trained tasks to the real world in [161]. 
2.2.3. Virtual Reality System Components 
In this sub-subsection, design considerations regarding virtual reality system 
components are presented in two categories: controlling components and other 
components. 
2.2.3.1. Controlling Components 
Complex controlling inputs were stated to create frustration in many previous 
studies. Simple and intuitive controlling was favored as a better design principle [36, 77, 
86, 100, 126, 149]. Giving control on the redundant aspects was observed to confuse the 
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users. On the contrary, limiting the controls or auto controls worked better. Researchers 
advised having limited number of keys for control. 
Commonly seen motor difficulties in individuals with ASD called for the use of less 
tiring input devices [36, 77, 134]. In [149], keyboard and mouse controlling were preferred 
over joystick and gamepad controlling. The authors observed difficulty especially in the 
usage of joystick. Stickers on the keyboard keys for visual reinforcement provided ease of 
use for children with ASD. 
2.2.3.2. Other Components 
Cables tethering the headset to the computer was reported to create safety 
concerns in some previous studies [35, 149]. Use of non-tethered displays was advised by 
the researchers for individuals with ASD. 
Embodied interaction that utilizes full body motions of the users rather than using 
only some limbs was stated to work better for individuals with ASD in some previous 
studies [35, 155]. 
As a final general guideline, providing variety in the tasks, modes of information 
presentation and interactions was suggested by some previous studies [5, 77, 81]. Since 
autism is a wide spectrum based disorder, optional features may be expected to work 
better for their different sensory needs. However, commonly seen characteristics of 
deficiency in the executive decisions and focusing should also be considered while 
providing options to individuals with ASD. It may be a good practice to control the options 
in the background beforehand and present the users with a simple interface and simple 
sensory outputs so that they do not get overwhelmed. 
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2.2.4. Comparative Studies on Virtual Reality for Individuals with 
Autism 
There are a small number of comparative studies on the validity of VR and effects 
of some VR properties on training individuals with ASD. Mineo et al. studied the 
engagement of individuals with ASD in four types of visual information presentation 
modes: animated video, video of self, video of a familiar person engaging with an 
immersive VR game, and exposure of self in an immersive VR game (the same game used 
for the video of a familiar person condition) [104]. In the self-exposure to VR condition, 
the users saw themselves in the VR game via video capturing and their movements 
impacted the actions in the virtual world. All methods were presented to the user via a 
20-inch display. To compare these four methods, the authors took into account the gaze 
direction and vocalization as measures of engagement. The user study with 42 students 
indicated that the users showed interest in all four methods, but got engaged the most 
when they saw themselves on the screen in the immersive VR game. This condition 
yielded longer gaze durations and more vocalization. 
Grynszpan et al. investigated the effects of output modalities of text, images, and 
synthetic speech voice on social dialogue understanding tasks [53]. The authors also 
studied the effects of realistic and cartoonish visual modality on emotion recognition 
tasks. Educational software for both tasks was prepared. The first one was composed of 
dialogue understanding and the second one was built on top of the first one so that it 
included facial expressions supplementary to the dialogue. The first task was compared 
with a simple interface that contained only the absolutely necessary features presented 
with written text, and a multimodal interface that contained images, sound and voice 
synthesis. The aim of this task was to understand the contents of a dialogue. The second 
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task was compared with an interface with text, synthetic speech and realistic face images 
that presented expressive features, and an interface with text, synthetic speech and 
cartoonish face images that presented more exaggerated expressive features. The aim of 
this task was to disambiguate a dialogue using facial expressions. Results of a user study 
with ten children with ASD revealed that multimodal output had a negative effect on the 
score. The rich interface also yielded more difficulty in the transfer of skills. The authors 
stated the possible reasons behind this as the multiple simultaneous modes of 
information presentations’ bringing complexity to the task at hand for individuals with 
ASD. This outcome concurs with the studies that presented the characteristic of ASD 
individuals of having difficulty in processing multiple stimuli concurrently [105]. As a 
drawback, the authors did not investigate the effects of these output modalities alone. 
They only compared text with a combination of text, images, sound and voice synthesis. 
The cartoonish and real visual representations of faces did not have an impact on the 
performance. The authors stated that this might be due to users with ASDs’ avoidance 
from eye contact and as an alternative, they suggested using non-human characters in the 
future studies. The tasks of the study were already designed to be a little complex for 
individuals with ASD. The dialogues included irony and other abstract language concepts 
that individuals with ASD are associated to having difficulty with. This might also be the 
reason behind the poor performance in relating the facial expressions to the social context 
of the dialogues. 
Wallace et al. explored whether children with ASD experienced immersive virtual 
environments different than typically developed children [157]. For this, two tests were 
performed in a CAVE environment: sensing presence in three different virtual scenarios 
and social likability of a virtual character in virtual scenarios. The participants did not 
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interact with the scenes, they only watched. For the first test, the participants rated their 
sense of presence in different virtual scenarios that were supported by natural sound 
effects. For the second test, the participants rated the enjoyment of interaction with a 
virtual character that behaved socially likable and unlikable. The user study with ten 
children with ASD and 14 typically developed children revealed that both groups showed 
similar levels of presence and engagement in content, and both groups did not indicate 
any negative responses to the immersive virtual scenarios. Children with ASD rated the 
socially desirable and undesirable versions of the virtual character as equally attractive. 
Typically developed children rated the socially likable version higher in terms of 
attractiveness than the socially unlikable version. This might be due to the lack of 
attention to the social cues characteristics of ASD. The study suggested that children with 
ASD do not feel different levels of presence than their typically developed peers in 
immersive virtual environments and immersive virtual environments can create 
authentic social situations for them. The results of the surveys were promising in the 
transfer of the virtual experiences to the real life. The results of this study should be 
interpreted in the context of the designed tasks though. Since the virtual environments 
did not include any interaction, it is difficult to conclude that children with ASD 
experiences the VR the same as typically developed children. On the contrary, 
Dautenhahn [35] and Rijn and Stappers [155] found out that the sense of being in the 
virtual environment and the interpretation might be different for individuals with ASD 
than neurotypical individuals. 
2.3. Virtual Reality Training Applications for Individuals with Autism 
We propose a taxonomy that is based on type of the VR training system: immersive 
or regular, and type of the skill the study aimed at training users on: social skills, life skills 
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and safety skills (Figure 2.1). As discussed previously, immersive VR is a type of VR in 
which the user is surrounded by the images via a head mounted display or CAVE 
projections and the motions of the user is transferred to the virtual world accurately. 
Regular VR systems usually use computer monitors or TVs as displays. Social skills 
mainly encompass conversational and emotional expression understanding skills. Life 
skills are the skills that help the users in their everyday lives. It may be argued that social 
skills are a subset of life skills. This may be true but in this study, we separated the social 
skills from the other life skills since most of the previous VR training studies were about 
the social skills whereas a few number of them focused on other life skills such as driving 
and imagination. Safety skills were mainly about how to respond appropriately during an 
emergency such as tornado or fire, and how to cross a street safely. 
 
 
Figure 2.1 Taxonomy of the literature on VR training for individuals with ASD. 
 
In this subsection, we present some of the key previous works in the area of using 
VR for training individuals with ASD. Entertainment applications of VR were not 
included in this literature review. Most of these studies concentrated on training 
individuals (especially children) with ASD on social skills. This concurs with the findings 
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of [126], as individuals with ASD and their parents were interviewed on which type of 
technology they would benefit from, around 42% stated the social and communication 
skills. 
2.3.1. Immersive Virtual Reality Training Applications 
The number of immersive VR studies is low in comparison to the number of regular 
VR studies. This might be due to the higher cost and more difficulty in the embracement 
of immersive VR systems as compared to the more prevalent computer systems. In this 
sub-subsection, we present the training applications that utilized immersive VR for 
training individuals with ASD on social skills, life skills and safety skills. 
2.3.1.1. Social Skills Training 
Lorenzo et al. developed an immersive virtual reality for supporting the learning 
of social skills and executive decision making for children with ASD [93]. Gaze and face 
expressions of the users were collected and used for evaluation and adaptation of the 
system according to the user’s needs. The system offered several customizable task 
scenarios that were focused on school and home based social activities. A user study with 
20 participants with ASD was performed. Social competences and executive functioning 
of the participants with ASD have improved and the results of the study were in favor of 
employing immersive VR for educational interventions for children with ASD. Transfer 
of the learned skills to classroom was also observed by the tutors of the participants. 
Researchers observed that the participants showed engagement with the virtual avatars 
and got motivated by them. 
Matsentidou also worked on an immersive VR application for training children 
with ASD on social skills [96]. The system presented social stories in an immersive VR 
Cave environment. The researchers performed a user study with neurotypical 
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participants. Neurotypical participants were able to use the system and showed 
improvement in social situation handling skills. No user study with individuals with ASD 
was performed due to lack of volunteer participants with ASD. Although the researchers 
developed a complex VR system with state of the art components such as CAVE 
environment and 3D glasses, lack of user study results for individuals with ASD makes it 
difficult to conclude that the system would work well for children with ASD. 
In a recent study, Cheng et al. used immersive virtual environments to improve 
social skills of children with autism [28]. In the study, non-verbal communication, social 
initiations and social cognition aspects of the social skills were explored. The users 
answered multiple choice social skills assessing questions using a mouse in two virtual 
environments: bus stop and classroom. They viewed the virtual environment through an 
HMD. Preliminary results of the tests completed by three participants showed that the 
social behaviors of the participants were improved after the training. This indicated that 
the system was promising as an effective learning environment for the social skills for 
children with ASD. 
2.3.1.2. Life Skills Training 
Maskey et al. focused on using immersive virtual reality along with cognitive 
behavior therapy to reduce some phobia and fears such as crowded buses and pigeons in 
young people with ASD [95]. The users entered into a cave environment with an 
accompanying professional therapist. The therapist first presented the users with relaxing 
scenes, after the users stated that they were ready to proceed, the therapist presented the 
users with immersive virtual environments that were designed beforehand specific to the 
user’s fear/phobia by the therapists. The users did not control any aspect of the virtual 
environment, but were able to navigate in the real room if they wished, although their 
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movements had no effect on the virtual world. Other than that, the participants were also 
free to talk and observe during the sessions. The results showed that the combination of 
VR and cognitive behavior therapy was very promising in effective treatment of specific 
phobia and fears in young individuals with ASD. 
2.3.1.3. Safety Skills Training 
Strickland et al. conducted one of the earliest studies aiming to explore the effective 
use of virtual reality for training children with autism on street crossing [148]. The users 
needed to watch and identify moving cars and traffic signs, and follow images that were 
created by a 3D mouse. The users had difficulty in using the controller; hence the 
researchers conducted the study with verbal responses and not tracked the real walking 
of the participants. A case study with two children with ASD showed promising 
observations towards the use of VR for training individuals with ASD. Children were 
stated to immerse themselves in the virtual worlds and accepted using the head mounted 
display even if it was a big and heavy one, being one of the earliest model headsets. 
Children were able to use the learned skill in three different virtual environments, 
indicating possible generalization of the learned skills in VR. One child was stated to 
understand the interaction mechanics of virtual reality well while the other child was 
reported to treat the HMD as a typical computer display, trying to only watch and point 
to it. 
2.3.2. Regular Virtual Reality Training Applications 
In this sub-subsection, we present the previous studies that focused on training 
applications utilizing regular VR for training individuals with ASD on the social, life and 
safety skills. 
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2.3.2.1. Social Skills Training 
Mitchell et al. utilized a virtual environment to train teenagers with ASD on social 
skills in public settings [106]. The social skills that were targeted were: to spot a chair in 
a crowded environment and asking appropriate questions. A user study with seven 
participants with ASD was performed. After training with the VR system, the users were 
requested to answer questions about the real life videos of situations that were similar to 
the trained ones. The results revealed that the social skills of the participants were 
improved after training with the system. The system turned out to be promising in terms 
of using VR as a training tool for social skills. The system did not have high visual fidelity, 
but still provided effective training. The study contributed to the findings on VR’s being 
an effective tool for individuals with ASD to train on social skills. 
Ehrlich and Miller developed a virtual reality system for training adolescents with 
autism on social skills [39]. In the system, several real world situations that challenge 
children with ASD in real life took place in different virtual environments. Although the 
system was rich in scenarios and environments, the potential of virtual environments in 
engaging the user actively was not fully utilized in the study. In the background, animated 
scenes that took place in a virtual environment were presented and as an overlaying layer, 
a question and multiple choice answers were presented both written and verbally. The 
user was expected to make a selection and based on that selection, the system gave written 
and verbal feedback to the user. The virtual world acted as a background scene that 
looped. The system heavily relied on the written and verbal statements which remained 
questionable as an effective training method for individuals with ASD, considering the 
suggested practices of the ASD experts. Since the authors did not conduct a user study, it 
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is difficult to make a conclusion on the effectiveness of the system in training users with 
ASD. 
Cheng and Ye examined the use of VR for improving social interactions of children 
with ASD [29]. Their system included answering questions on some animated social 
situations and allowed for written and verbal communication with the instructor. The 
user and the instructor were represented by virtual avatars and both participated in the 
VR training, by controlling their virtual avatars and communicating with each other. The 
user was able to select different facial expressions for their virtual avatar while 
communicating with the instructor. The context of the tasks involved understanding the 
expressions, and verbal and non-verbal communication with virtual avatars. The pilot 
study results of three participants suggested improvement in reciprocal social behaviors 
such as appropriate manners, eye contact and maintaining conversation. However, the 
low number of participants makes it difficult to generalize the outcomes. 
Lahiri et al. developed a VR system for social communication skills training of 
individuals with ASD [85]. Social communication tasks were offered in the training. 
Virtual avatars told some personal stories that were supported by background virtual 
world presentations. The users maintained virtual conversations with the avatars by 
selecting from the provided options. The system was adaptive based on gaze tracking data. 
Gaze direction and performance metrics of the users were measured and the difficulty 
level of the questions was adapted accordingly. This enabled a customized session for each 
user, based on their parameters. The authors compared the usability of the gaze direction 
and performance metrics based adaptive system with the adaptive system that was based 
on only the performance metrics. The results revealed more improvement with the gaze 
direction and performance metrics based adaptive system. The system lacked active 
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participation of the user. The participation of the user was limited to only making 
selections among the given options. For a more realistic training, utilizing speech 
recognition may also be considered. 
Some researchers utilized Second Life in their studies, which is a popular web 
based game in which users can customize a virtual avatar that represents themselves or 
any other desired human figure [57]. The system also supports verbal and voice based 
communication of the users through virtual avatars. Kandalaft et al. explored the use of 
Second Life as a VR social skills training application aiming at enhancing social skills of 
young adults with ASD [74]. A protected island in the Second Life that was not accessible 
by outside players was used in the study. Avatars were designed to resemble the real life 
appearance of the users and the trainers. The system trained the users on several social 
scenarios such as job interviews, meeting new people and negotiating social decisions. 
The users were requested to talk to virtual characters and interact with virtual objects and 
avatars to complete these social scenarios. A real life tutor was accompanying the user in 
the role of a virtual avatar and was providing continuous feedback to the users during the 
training. A user study with eight individuals with ASD revealed enhancement in the social 
skills of the participants; mainly in emotion recognition from faces and voice, and 
recognizing and responding to other’s thoughts. The system did not reportedly improve 
the conversational skills of the participants according to the user study results. However, 
six month follow up surveys indicated that the participants perceived an improvement in 
their own conversational skills after the VR training. The follow up surveys also indicated 
generalization and transfer of the learned skills. The VR system was found feasible as a 
social skills training tool. The system enabled training on complex social scenarios. As a 
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downside, requiring a real life tutor actively participating the whole training sessions does 
not fully utilize the scalability advantage of VR applications. 
Another study on social skills training for individuals with ASD in Second Life was 
performed by Ke and Im [75]. The tasks included recognition of body gestures and facial 
expressions of virtual characters, maintaining conversation and initiating interactions. A 
user study with four participants was performed. The participants demonstrated 
improvement in interaction and communication performance. Other findings on design 
considerations were also reported in the study. These were mainly about the importance 
of portraying the children as a leader in the virtual world to encourage their leadership 
skills, allowing for children’s customization of the virtual world and demonstration of the 
tasks by a virtual character for better learning. The study contributed to the previous 
findings on the viability of VR as a training tool for individuals with ASD. 
2.3.2.2. Life Skills Training 
Charitos et al. developed a VR system for training children on the organizational 
skills for everyday tasks [26]. The system presented several everyday tasks such as 
washing hands and eating. The user needed to follow a virtual character inside a house 
while the virtual character performed these everyday tasks. Different from the other 
works, the system catered to two levels of autism: low-level and high level. In the low level 
mode, the user was only expected to make some simple selections whereas in the high 
level mode, the user participated more actively. The authors performed in-house pilot 
studies with children with ASD while developing the system but did not share any data 
related to these studies. No follow up user study was performed. Hence, it is difficult to 
make conclusions about the effectiveness of the system. 
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Lanyi et al. developed a VR system for training children with ASD in the daily life 
skills of shopping, clothing and public transport [86]. The system was low in the degree 
of interaction provided and was not designed with the aim of being highly immersive in 
terms of visuals. Although no formal user study was performed, some students with ASD 
tried the system with accompanying observing teachers (no number was specified). 
Teachers stated that they found the application useful. However, no results in the study 
supported this observation on the effectiveness of the system. 
Herrera et al. studied a virtual reality application for imagination and abstract 
conceptualization training of individuals with ASD [63]. The system allowed for the 
manipulation and transformation of properties of virtual objects to train the children on 
the size, position, quantity and visual concepts. Some other concepts such as time and 
seasons were also taught with the help of different conceptualizations. The children could 
play games of imitation and learn about different usages of different objects (such as using 
a banana as a telephone), to improve their imagination skills. A case study with two 
children with ASD showed promising results in the advancement of pretending and 
imagination abilities of the participants [62]. Since the participant number is very low, 
validity of the results remains questionable as with the most of the previous studies on 
this topic. 
Wade et al. utilized a custom and adaptive virtual reality driving environment to 
train individuals with ASD on the driving skills [156]. The system collected real time 
physiological data and tracked eye movements of the users. The user needed to drive to a 
destination while encountering other vehicles and obeying the traffic rules. The difficulty 
level of the tasks was changed on the fly based on the physiological data, eye tracking data 
and the trainee performance, to accommodate for the possible changes in the stress levels 
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of individuals with ASD while acquiring a new skill. The user study with a small group of 
participants indicated that the system was sensitive in detecting subtle differences such 
as the level of anxiety and gaze direction between the participants with ASD and 
neurotypical participants. Although individuals with ASD experienced higher number of 
failures as compared to neurotypical individuals, the study implied that the VR system 
was promising in providing customized driving training for individuals with ASD. 
Smith et al. used an immersive virtual reality system for job interview training of 
individuals with ASD [145]. The system consisted of a desktop simulation of job interview 
with virtual people. The system provided speech recognition with prerecorded questions 
to create realistic job interview scenarios. The system enabled the trainees with real time 
feedback. The users were required to answer the questions either using speech 
recognition or by mouse selection. The system used supplementary written and visual 
based e-learning materials to improve the trainee performance during job interviews. The 
VR training system provided more improvement in the job interviewing skills of the 
participants with ASD as compared to the participants with ASD who were trained using 
conventional methods. 
2.3.2.3. Safety Skills Training 
Self et al. utilized a VR system to teach the safety skills related to fire and tornado 
to children with ASD [137]. The tasks were designed so that the users needed to find their 
way through the emergency signed doors to exit a building during an emergency. The 
research team members explained the directions for each task to be performed in the VR 
to the participants beforehand. Visual prompts were provided by the research team 
members if the user had difficulty in understanding the verbal directions. The 
participants were trained on the two safety skills using either a conventional integrated 
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visual training method or virtual reality. Both methods were successful in teaching and 
transferring the safety skills, but VR was reported to provide faster learning and better 
generalization of the learned skill as compared to the conventional training method. 
Josman et al. studied a virtual reality system’s effectiveness for training children 
and adolescents with ASD on safe street crossing skills [73]. The users controlled an 
avatar in a desktop virtual environment and tried to avoid the cars while crossing a street. 
The goal was to find out whether virtual reality was a useful tool for teaching children with 
ASD safe street crossing skills and if those skills were transferrable to the real life. The 
results showed that the VR system was successful in teaching the users with ASD safe 
street-crossing skills and transfer to real life skills was also observed. 
A summary of these previous studies with their relevant properties are presented 
in Appendix A. These previous studies agree on the promising potential effective usage of 
VR in training individuals with ASD. However, user studies performed in most of these 
previous studies included only a small group of participants. This was mainly attributed 
to the difficulty that the researchers had in finding volunteer participants. For mobile 
systems such as computer based VR targeting children with ASD, finding participants was 
a bit easier since they were able to visit special schools of these children. For stationary 
systems such as CAVE environments or motion tracking based VR systems, the 
participants needed to come to the facility and this yielded fewer participants. In 
conclusion, these studies offer innovative systems from which individuals with ASD may 
benefit. But more data are needed to reflect upon and find out the best practices for better 
VR systems targeting individuals with ASD. Possible collaborations with institutions 
providing service to individuals with ASD might help in finding more participants for the 
future studies. 
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2.4. Summary 
It is of utmost importance to remember that these design considerations that were 
suggested by the previous studies were based only on the observations by the researchers, 
participants, families and teachers. These studies did not focus on comparing alternatives 
for the suggested considerations. These suggestions were drawn from the observations 
made during the user studies that were mostly testing the effectiveness of VR in enhancing 
the mentioned skills of children with ASD. There were commonly small groups of 
participants (less than ten). Most of the studies were for children with ASD, hence were 
the observations that were shared as design considerations. These considerations were 
highly dependent on the task design of the main study since the researchers did not make 
any comparisons with alternatives. As an example, a design considerations favoring the 
use of verbal instructions did not compare it with the use of written, image based or 
animated instructions. The researchers only shared their observations on the verbal 
instructions’ working well in the context of their study. These considerations were not 
based on data and hence are questionable to be generalized as good VR design practices 
for individuals with ASD. There are even contradicting considerations such as favoring or 
opposing the use of verbal instructions or using realistic or simple textures. Nonetheless, 
some design considerations were shared by a relatively large number of studies so that 
even though they were not based on data or comparison, they might be considered to be 
more reliable than the others, as common design suggestions. These design 
considerations that were shared by more than three studies are summarized in Appendix 
B. Major previous studies that reviewed VR applications for individuals with ASD also 
agree on the need for more controlled studies and data to reveal the best design principles 
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for the needs of this special group of audience for better future training opportunities with 
VR [7, 109, 117]. 
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VIRTUAL REALITY SYSTEM FOR VOCATIONAL TRAINING OF 
INDIVIDUALS WITH AUTISM 
 
In this chapter, an advanced VR tool for vocational rehabilitation of individuals 
with disabilities (VR4VR) is presented. The VR4VR system uses immersive virtual 
environments to assess and train individuals with cognitive and physical disabilities. The 
system caters for Autism Spectrum Disorder, Traumatic Brain Injury and Severe Mobility 
Impairments. This chapter focuses on the system modules that were designed and 
developed for the Autism Spectrum Disorder (ASD) population. The system offers 
training on six vocational skills that were identified as transferrable to and useful in many 
common jobs. These six transferable skills are cleaning, loading the back of a truck, 
money management, shelving, environmental awareness and social skills. In this chapter, 
the VR4VR system is presented along with the design considerations for the ASD 
population. The results of a user study with a cohort of 9 neurotypical individuals and 9 
high functioning individuals with ASD are also reported. Good design practices gathered 
throughout the study are also discussed. 
3.1. Note to Reader 
Parts of this chapter was published in proceedings of the ACM International 
Conference on Pervasive Technologies Related to Assistive Environments (Full Reference 
Information: Lal Bozgeyikli, Evren Bozgeyikli, Matthew Clevenger, Andrew Raij, Redwan 
Alqasemi, Stephen Sundarrao, and Rajiv Dubey. 2015. VR4VR: vocational rehabilitation 
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of individuals with disabilities in immersive virtual reality environments. In Proceedings 
of the 8th ACM International Conference on PErvasive Technologies Related to Assistive 
Environments (PETRA '15). ACM, New York, NY, USA, Article 54, 4 pages. DOI: 
http://dx.doi.org/10.1145/2769493.2769592) and in proceedings of the IEEE Workshop 
on Everyday Virtual Reality (Full Reference Information: Lal Bozgeyikli, Evren 
Bozgeyikli, Andrew Raij Redwan Alqasemi, Srinivas Katkoori, and Rajiv Dubey. 2016. 
Vocational Training with Immersive Virtual Reality for Individuals with Autism: Towards 
Better Design Practices. IEEE 2nd Workshop on Everyday Virtual Reality (WEVR), 
Greenville, SC, USA.) Permissions are included in Appendix C. 
3.2. Motivation 
The US Census Bureau estimates that there are 54.4 million Americans who have 
some form of disability [20]. 64% of this population is classified as having severe 
disabilities. Severe disability can be defined as a physical or mental impairment that 
imposes a serious limitation on one or more functional capabilities in terms of an 
employment outcome [153]. According to the US Bureau of Labor Statistics, the 
employment rate has a ratio of 3:10 individuals with disabilities to individuals without 
disabilities [22]. However, more than 66% of the surveyed individuals with disabilities 
stated a desire to be employed [108]. Employment rate of individuals with ASD was 
reported to be lower than people with other forms of disabilities [1]. Accessibility to 
proper, safe job training is emphasized as a significant limiting factor in the employability 
of individuals with ASD [9]. Previous works indicate that individuals with ASD who were 
trained repetitively with a customized program were more likely to attain and retain jobs 
that fit their unique skill sets and behaviors [9]. Employment is a major element in 
increasing quality of life and providing a sense of achievement and independence to 
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individuals with disabilities [136, 164]. It was reported that majority of individuals with 
ASD lacked in showing traditional markers for adult independence [140]. This chapter 
presents results in favor of using immersive virtual reality as an alternative training tool 
to address the job training gap for individuals with ASD, especially when performed in 
supervision of professional job trainers and coupled with follow up conventional on-site 
job training. 
3.3. VR4VR System 
The proposed VR tool for vocational rehabilitation of individuals with disabilities 
(VR4VR) originally aims to improve job training in safe and customizable virtual 
environments for three disability groups: Autism Spectrum Disorder, Traumatic Brain 
Injury and Severe Mobility Impairments. However, this chapter focuses on the aspects of 
the system that are related to individuals with ASD only. In the design, in house testing 
and iteration phases of VR4VR, significant input was taken from five professional job 
trainers who are Florida state-approved vocational counsellor experts, who train 
individuals with Autism on a daily basis for a wide range of jobs and have significant 
experience and insight into training this population. After several testing sessions and 
discussions with the job trainers, the system was iterated to cater to high functioning 
individuals with ASD. A user study was performed with 9 neurotypical individuals and 9 
high functioning individuals with ASD. The goal was to explore the effectiveness of the 
proposed VR4VR system in training high functioning individuals with ASD on six 
transferrable job skills. 
Several previous studies mentioned in Chapter 2 indicated that VR was a suitable 
and effective medium for individuals with ASD to learn and train. Many studies also 
indicated findings on the successful transfer of the learnt skills afterwards. However, 
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previous studies did not focus on any vocational skills other than the social skills. The 
VR4VR system mainly differs from the mentioned previous studies in utilizing several 
vocational skills in different immersive virtual environments. This way, we were able to 
explore training individuals with ASD on six different vocational skills using VR. Other 
than that, we evaluated the effects of virtual distracters on the performance of individuals 
with ASD. Each skill module had varying difficulty levels in itself and the system had 
different components that provided different experiences in different modules. This 
enabled us to reflect on several aspects of VR, related to vocational training of individuals 
with ASD. This experiment also aimed to contribute to good design practices for future 
VR systems, based on the observations made during the user study sessions, comments 
from the participants and the job trainers, and the user study results. The VR4VR system 
aims at training individuals with ASD on transferrable vocational skills in immersive 
virtual environments. The system is composed of the following hardware components: a 
VR2200 Head Mounted Display (HMD); an optical motion tracking system with 12 
OptiTrack Flex:V100 cameras that track an area of 8ft by 8ft; a large 180⁰ curved curtain 
screen for projection; touch screen controls; tangible objects equipped with optical 
markers that are tracked in real time; and a remote controlling panel for the job trainers. 
For the selection of the HMD, professional job trainers recommended us to use a HMD 
that allowed for some open space in order not to break the whole connection of the 
participants with the real world since it would have caused discomfort in individuals with 
ASD. Following their recommendation, VR2200 HMD was selected which had small 
holes on the eyecups and could be flipped over when not in use. The software was 
developed using the Unity game engine. To run the developed software, a desktop 
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computer with the following specifications is used: AMD FX-8150 8-Core Processor, 
AMD FirePro W600 Graphics Card and 16 GB Memory. 
There are several virtual environments in the VR4VR system in which the skill 
modules take place such as warehouse, grocery store, outdoor parking lot, office space 
and street. Each skill module has their own tutorial level at the beginning that explains 
the user how to perform the relevant task. Throughout the skill modules, several prompts 
are used that remind the users how to perform the requested task. There are several 
distracters that are automatically applied in the third levels of the training modules such 
as virtual coworkers, lightning, announcements and fireworks. Additional distracters can 
also be applied manually by the job trainers. 
3.3.1. Task Design 
The VR4VR system was designed to offer vocational training in the form of 
transferrable skills that were selected based on their prevalence in the employment of 
individuals with ASD based on the reports in the literature [22, 68, 113] and inputs from 
the professional job trainers. The reason behind the selection of transferrable skills was 
to enable the participants to apply the skills they had trained on to various possible jobs, 
hence increasing their chances of employment. The vocational skill modules consist of 
cleaning, loading the back of a truck, money management, shelving, environmental 
awareness and social skills. 
Each skill module is structured to have three subtasks of increasing difficulty, each 
having their own three levels. The first level consists of a tutorial and one instance of the 
relevant task. After the user completes the tutorial level successfully, the second level is 
presented in which the user performs the task that was learned in the tutorial level. In 
this level, there are no distracters to help the user reinforce the learned task without any 
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disturbing factors. As the user completes the second level successfully, the third level with 
the distracters is presented, in which the user needs to perform the learned task in the 
presence of several VR distracters. 
Three of the six skill modules were designed to be performed with the HMD 
(cleaning, shelving and environmental awareness) and the remaining three skill modules 
were designed to be performed with the 180º curved screen (loading the back of a truck, 
money management and social skills). In the selection of these displays, previous studies 
in the literature and inputs from the professional job trainers was taken into 
consideration. Cleaning, shelving and environmental awareness modules were designed 
for use with HMD along with real time motion tracking since movements of the user 
contributed significantly to the performed tasks. Loading the back of a truck module was 
originally also designed to be used with motion tracking. However, after several testing 
sessions and discussions, the job trainers decided that it was cognitively too demanding 
for individuals with ASD to perform this task in 3D and it would provide an ineffective 
and overwhelming training for them. Hence, they recommended us to remove the third 
dimension and make it a 2D training experience that is controlled with a force feedback 
haptic device, in which users with ASD could get trained without getting overwhelmed. 
Money management and social skills modules were designed for the 180º curved screen 
since movements of the user did not contribute much to the performed task. In the 
modules that did not need incorporating the 3D motion data, the curtain screen was 
selected as the display since individuals with ASD are characterized as not liking wearing 
objects on their bodies [54]. Hence, in these three modules, we refrained from making 
them wear the HMD, hand and feet marker bands for a more comfortable training 
experience. 
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3.3.1.1. Cleaning Module 
The cleaning module aims to train individuals with ASD on vacuum cleaning, 
mopping and litter collection subtasks (Figure 3.1). The vacuum cleaning and the 
mopping subtasks take place in a virtual warehouse and the litter collection subtask takes 
place in a virtual grocery store. The user wears a HMD, and hand and foot bands with 
optical markers so that their movements are tracked by the system in real time. The main 
objective of the vacuum cleaning subtask is to vacuum clean the piles of dry dirt that are 
scattered around the warehouse. In the mopping subtask, the user needs to mop all of the 
puddles around. In the vacuum cleaning and the mopping subtasks, the user uses a 
tangible broomstick which is tracked by the system in real time. In the litter collection 
subtask, the user needs to collect all of the litter around and throw them into the virtual 
trash bins. To grasp the litter, the user needs to bend and touch the virtual litter with their 
hands, which makes the virtual litter stick to their hand. After that, when the user walks 
near a virtual trash bin and extends their hand, the litter automatically falls down. 
3.3.1.2. Shelving Module 
The shelving module was designed to train the users on warehouse organization, 
order and delivery fulfillment skills. This module takes place in a virtual warehouse 
environment (Figure 3.2). The user fulfills tasks using tangible boxes that are equipped 
with markers. Although the physical boxes are identical in appearance, different virtual 
textures are projected onto them inside the virtual world. In the first and the second sub-
task, graphical textures are projected onto the boxes whereas in the third sub-task, 
numeric textures are projected. 
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Figure 3.1 The cleaning module of the VR4VR system. 
 
 
Figure 3.2 Shelving module of the VR4VR system. 
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3.3.1.3. Environmental Awareness Module 
The environmental awareness module aims at training the users on being aware of 
their environmental conditions and taking actions accordingly, such as collecting 
shopping carts in a parking lot while paying attention to the moving cars and the people 
around (Figure 3.3). In the first and the second subtasks, the user needs to go to the 
destination points. In the third subtask, the user needs to collect virtual shopping carts in 
the parking lot. 
In the third subtask, a physical pipe is given to the user to be held at all times, 
resembling holding a real shopping cart. The reason behind this tangible prop was to train 
the users on navigating carefully while their hands were busy and their attention could be 
divided. This prop was integrated into the system following the recommendation of the 
professional job trainers. The users performed marching in place gesture in order to walk 
in the virtual world. 
3.3.1.4. Loading the Back of a Truck Module 
In the loading the back of a truck module, the users get trained on fitting boxes of 
several dimensions into a restricted area - the back of a truck (Figure 3.4). All subtasks 
take place in an outside street virtual environment. Virtual labels on the boxes in the 
second and the third subtasks indicate various properties such as heavy, up direction 
arrow, and fragile. These boxes should be placed based on the instructions related to their 
labels. The users control a force feedback haptic device in order to move and rotate the 
boxes. 
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Figure 3.3 Environmental awareness module of the VR4VR system. 
 
 
Figure 3.4 Loading the back of a truck module of the VR4VR system. 
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3.3.1.5. Money Management Module 
The money management module aims at training the users on cash register related 
skills (Figure 3.5). The module takes place in the cash register area of a virtual grocery 
store. The user interacts with a tablet computer resembling the cash register. The user 
interface inside the tablet computer was designed in accordance with the real cash register 
screens in order to train the users properly. Onto the curtain, a virtual grocery store is 
projected with virtual customers and cashiers. 
3.3.1.6. Social Skills Module 
The social skills module aims at training individuals with ASD on conversational 
abilities (Figure 3.6). In these subtasks, virtual people ask some questions to the user and 
request them to answer. The questions were designed to be open ended so that it 
resembles maintaining a conversation, such as “If you see a lost child in the store, what 
would you do?” The first subtask takes place in a virtual office environment, the second 
subtask takes place in a virtual grocery store, and the third subtask takes place in a virtual 
warehouse environment. The questions were dubbed with different attitudes such as 
friendly, over friendly, rushed, bossy, anxious and indistinctive. This enables the job 
trainers to observe the users’ reactions to different attitudes and train them accordingly. 
The job trainers use a tablet computer interface to control the questions to be asked. The 
users verbally answer the questions as they would do in real life and the job trainers 
trigger new questions based on the users’ answers. The job trainers can also ask their 
custom questions during the training sessions. These questions are recorded by the 
system and later added to the existing set of questions. A summary of the skill modules is 
presented in Table 3.1. 
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Figure 3.5 Money management module of the VR4VR system. 
 
 
Figure 3.6 Social skills module of the VR4VR system. 
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Table 3.1 Summary of the skill modules of the VR4VR system. 
 
Skill Module Subtasks Distracters 
Reinforced 
Subskills 
Cleaning 
•Vacuum cleaning 
•Mopping 
•Litter collection 
•Loud vacuuming 
sound 
•Falling object sound 
•Intercom 
announcements 
•Lightning, rain and 
thunder sound 
•Attention to 
detail 
•Observation 
•Inspection 
Shelving 
•Aligning boxes 
•Fulfilling orders and 
deliveries with 
graphically labeled 
boxes 
•Fulfilling orders and 
deliveries with item 
coded boxes 
•A virtual forklift 
passing by 
•Coworkers walking 
while chatting 
•Change in the light 
temperature 
•Falling object sound 
•Lightning and rain 
sound 
•Organization 
•Following 
the 
instructions 
•Attention to 
detail 
Environmental 
Awareness 
•Navigating while 
avoiding stationary 
objects and puddles 
•Navigating while 
avoiding moving people, 
stationary objects and 
puddles 
•Collecting virtual carts 
while avoiding moving 
cars, moving people, 
stationary objects and 
puddles 
•Fire truck passing by 
•Christmas bells sound 
•Loud helicopter 
passing by 
•Colorful fireworks in 
the sky 
•Rain in the form of 
visual and sound 
•Alertness 
•Observation 
•Navigation  
Loading the 
Back of a 
Truck 
•Loading identical boxes 
•Loading labeled boxes 
•Loading labeled boxes 
within a short 
timeframe 
•Barking dog 
•Plane passing by 
•Day time to night time 
transition 
•Truck alarm with 
sound and lights 
•Heavy traffic sound 
•Organization 
•Alignment 
•Quantitative 
reasoning  
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Table 3.1 (Continued) 
 
Skill Module Subtasks Distracters 
Reinforced 
Subskills 
Money 
Management 
•Recognizing coins and 
bills 
•Counting money 
•Providing the correct 
amount of change 
•Store alarm with 
sound and lights 
•Ringing office phone 
•Running child 
•Loud upbeat music 
•Angry complaining 
customer 
•Intercom 
announcement 
•Infant crying loudly 
•Arithmetic 
•Attention to 
detail 
•Organization 
Social Skills 
•Basic questions on 
personal information 
•Intermediate questions 
on the previous 
experience and 
observation 
•Advanced questions on 
vocational reasoning 
and preferences 
•Butterfly flying 
•Office phone ringing 
sound 
•Ceiling fan operating 
•Laughing sound 
•Coughing sound 
•Whistling sound 
•Attention to 
what others 
are saying 
•Maintaining 
conversation 
•Observation 
and 
reasoning 
 
3.3.2. Assistive Prompts 
Our VR4VR system utilizes various assistive prompts to help the users to 
remember how to perform the vocational tasks (Figure 3.7). In each level, if the user 
cannot perform the relevant task within a minute, a prompt is presented in the form of 
verbal instructions, pictographs and animations. These assistive prompts were designed 
to be brief and simple, following the recommendation of the professional job trainers and 
the previous studies in the literature [54]. 
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Figure 3.7 Assistive prompts used in the VR4VR system. 
 
3.3.3. Distracters 
Individuals with ASD may negatively respond in various ways to out of the routine 
common events such as chatting co-workers, announcements and scraping noise, which 
may cause a shift in their attention [61]. These responses can be considered as a 
contributing factor to their low employment rate as employers may not know how to 
respond to these reactions [56]. In the VR4VR, we utilized a wide range of virtual 
distracters in the form of audio, visuals and animations that are difficult to replicate 
instantaneously in real life such as thunderstorm, helicopter and fireworks (Figure 3.8). 
These distracters can be triggered both by the system automatically and by the job trainers 
manually in real time with different intensities. This way, the job trainers can assess the 
users’ reactions to certain distracters and focus on some of these distracters to practice 
overcoming them along with some behavioral techniques or omit some if they think that 
the user will not be able to overcome these distractions. The job trainers can later make 
sure that the user will be directed to the jobs that minimize the risk of being exposed to 
these types of distracters. 
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Figure 3.8 Distracters in the VR4VR system. Rain (top) and butterfly (bottom). 
 
3.3.4. Tutorials 
Although the motivation behind this study was to develop a VR system as close to 
the real life as possible, motion tracking imposes some limitations on the actions that can 
be performed, calling for gestures or other forms of input. Hence, virtual training modules 
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require the users to perform some tasks by following some directions. In the VR4VR 
system, to explain to the users how to perform these tasks, tutorial levels are presented in 
the beginning of each subtask. These tutorials were designed such that a virtual instructor 
stands across facing the user, first tells the user what needs to be done and then shows 
the user how to do that by performing the task (Figure 3.9). The reason for the virtual 
instructor showing the user how to perform the task is because of the job trainers’ 
guidance as well as the previous studies indicating that individuals with ASD learn best 
by demonstration [56, 112]. 
 
 
Figure 3.9 A tutorial level in the VR4VR system. The virtual instructor shows the user how 
to navigate in the virtual parking lot. 
 
3.3.5. Scoring and Assessment 
To evaluate trainee performance based on the system parameters, a custom scoring 
algorithm was implemented. For the scoring algorithm, the completion time, number of 
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prompts, and number of incorrect actions were taken into consideration. The score has a 
possible maximum value of 100 for each subtask. Possible deductions are as follows: -30 
points for each error made and -20 points for each prompt presented to the user. The 
score has a possible minimum of 0 points. If the user cannot complete a level within five 
minutes, that level and the following levels of the relevant subtask is considered as failed 
with a score of 0. The system will not proceed to the following levels of that subtask unless 
the job trainer starts it manually. Errors constitute placing the boxes of orders and 
deliveries at the wrong location or leaving the boxes in the wrong alignment in the 
shelving module; colliding with the stationary objects/moving people/moving cars and 
stepping on puddles in the environmental awareness module; breaking a fragile box by 
dropping it from a large height in the loading the back of a truck module; selecting the 
wrong coins or bills in the money management module; and giving an unrelated answer 
to the asked question in the social skills module. As the user completes a level successfully 
or fails to complete it within five minutes, the score is immediately presented to them to 
provide a means of tracking their own performance, following the previous studies in the 
literature and the recommendation of the job trainers. The score is accompanied by a 
visual stating ‘level accomplished’ or ‘level failed’ according to the user’s performance, to 
help them comprehend their performance. 
3.4. User Study 
A user study was performed with 9 neurotypical users and 9 individuals with ASD. 
In this subsection, the user study design is presented. 
3.4.1. Experiment Design 
A within subject experiment was designed with the variable of skill with six levels: 
cleaning, loading the back of a truck, money management, shelving, environmental 
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awareness and social skills. Each skill also had two levels of distracters such as: without 
distracters and with distracters. The order of the modules was selected randomly. All 
participants went through each module once, hence completing each three levels of each 
three subskills of each six modules. The experiment design sketch can be seen in Figure 
3.10. 
 
 
Figure 3.10 Experiment design for the VR4VR user study. 
 
3.4.2. Demographics 
9 neurotypical individuals without any disabilities and 9 high functioning 
individuals with ASD participated in the user study. All participants with ASD were 
diagnosed as high functioning by their medical practitioners and had an IQ score higher 
than 70. Both population groups were college aged (µ = 29.00 for neurotypical and µ = 
25.44 for ASD). All individuals with ASD were high functioning and were job seekers. 
None of the participants (neurotypical or ASD) had a prior experience of training on these 
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six transferrable skills, using virtual reality or wearing a Head Mounted Display. 
Neurotypical participants attended the testing alone whereas individuals with ASD were 
accompanied by a professional job trainer. In total, five qualified job trainers 
accompanied the participants with ASD in the user study. Data of the neurotypical 
individuals was compared to that of the individuals with ASD to find out the differences 
in these two groups in using the VR system and to use these differences in providing more 
effective VR experiences for individuals with ASD, if possible. The user study was 
conducted under the IRB Pro00013008. 
3.4.3. Hypothesis 
Hypotheses were focused on the effective training provided by the proposed VR 
system and the effects of distracters on the user performance. The following two 
hypotheses were constructed for this experiment: 
H1: There will be improvement in individuals with ASD who trained with the 
VR4VR system in terms of the six vocational skills. 
H2: The distracters will affect the score of individuals with ASD in the VR4VR 
negatively. 
3.4.4. Data Collection 
During the testing, the system collected data in the background such as level score, 
time logs of the successful and wrong actions, time logs and types of distracters, time logs 
and number of prompts, and the session durations. The participants and the job trainers 
were requested to fill out surveys after the completion of each skill module. These surveys 
were designed as modified versions of Loewenthal’s core elements of the gaming 
experience questionnaire [91] and consisted of questions assessing different aspects of 
the system such as enjoyment, dizziness, nauseousness, tiredness and immersion. All 
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sessions were video recorded via a real life camera and a virtual camera inside the 
simulation. 
3.4.5. Procedure 
The testing procedure was as follows: The users arrived in the laboratory, they read 
and signed the informed consent form. After that, the research staff walked the 
participant through the wearable equipment and the motion tracking system, and helped 
them to wear the HMD and hand/feet markers, if the first module included them. Then, 
the user was presented with the tutorial level of the first skill module and went through 
all of the sub-tasks in each skill module. Completion of each skill module was followed by 
a break and filling out the surveys. Neurotypical individuals completed the testing in one 
session of approximately two hours. Individuals with ASD completed the testing in two 
separate sessions of two hours that were scheduled on separate days since the job trainers 
stated that this would be better for them instead of a whole session. 
3.5. Results 
In this subsection, we present the user study results and the statistical analysis for 
neurotypical individuals, individuals with ASD and the job trainers. The reason of having 
neurotypical participants as well was to observe differences between this population and 
individuals with ASD in using a VR training system, if any. 
3.5.1. Participant Results 
This sub-subsection includes the participant results in the form of level scores, 
distracters and the survey results. 
3.5.1.1. Level Scores 
Average level scores for neurotypical individuals and individuals with ASD are 
presented in Figure 3.11. Error bars in all of the charts are the standard error of the means. 
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The chart presents the averages of the scores from level 2 and level 3 of all subtasks for 
every skill module. Tutorial level scores were discarded for both populations since they 
may have biased by the learning effect. As two sample t-tests were performed between the 
data of the two groups for each skill module with an alpha value of 0.05, statistically 
significant differences were found only for the loading the back of a truck and the money 
management skills. Results of the t-tests are presented in Table 3.2. 
 
 
Figure 3.11 Level scores for neurotypical individuals and individuals with ASD. 
 
Table 3.2 T-test results for the level scores between neurotypical individuals and 
individuals with ASD. 
 
Skill t-stat p 
Cleaning -1.2513 0.2173 
Environmental Awareness -1.2316 0.2229 
Loading the Back of a Truck -2.3677 0.0206 
Money Management -3.6238 0.0006 
Shelving -1.8801 0.0670 
Social Skills -0.7595 0.4503 
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3.5.1.2. Distracters 
During the testing sessions, distracters were triggered both automatically and by 
the job trainers. The job trainers tried to trigger similar number of distracters for each 
participant. However, number of distracters applied for each participant may have varied 
based on how quickly they completed their training session and the difference in the 
manually triggered number of distracters by the job trainers. On average, 6 distracters 
were applied per level. Average scores for individuals with ASD in the absence and 
presence of distracters are presented in Figure 3.12. As the t-tests were performed for the 
data of individuals with ASD using an alpha value of 0.05, no statistically significant 
difference was detected. Results of these t-tests are presented in Table 3.3. 
 
 
Figure 3.12 Average scores for individuals with ASD for the two cases: without distracters 
and with distracters. 
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Table 3.3 T-test results for the level scores of individuals with ASD for the two cases: 
without distracters and with distracters. 
 
Skill t-stat p 
Cleaning -0.7332 0.4685 
Environmental Awareness -0.9909 0.3294 
Loading the Back of a Truck 0.9428 0.3524 
Money Management -0.3639 0.7176 
Shelving -0.1561 0.8771 
Social Skills -0.8752 0.3860 
 
3.5.1.3. Survey Results 
As the question “How tired were you after completing these skill tasks?” was asked 
to the participants with choices based on a five level Likert that ranged from “1: Not tired 
at all” to “5: Very tired”, the results were as presented in Figure 3.13. Level of tiredness is 
important in regards of task design since the system needs not to make the participants 
more tired than necessary for the training, for a good experience. This would enable 
training repetitively. As two sample t-tests were performed for each skill module with 
alpha value 0.05, tiredness scores for both groups did not turn out to be statistically 
different (Table 3.4). 
 
Table 3.4 T-test results for the tiredness scores of neurotypical individuals and individuals 
with ASD. 
 
Skill t-stat p 
Cleaning 0.2084 0.8418 
Environmental Awareness -0.8490 0.4240 
Loading the Back of a Truck 0.1000 0.9231 
Money Management 1.3227 0.2154 
Shelving 0.0000 1.0000 
Social Skills -0.2425 0.8117 
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Figure 3.13 Average tiredness scores for neurotypical individuals and individuals with 
ASD. 
 
As the question “How immersed (feeling deeply included in) were you while 
training these skill tasks?” was asked with the choices ranging from “1: Not immersed at 
all” to “5: Immersed a lot”, the results that are presented in Figure 3.14 were obtained. As 
two sample t-tests were applied to the data for each skill module using an alpha value of 
0.05, no significant difference was found in the immersion scores of neurotypical 
individuals and high functioning individuals with ASD. Results of these t-tests are 
presented in Table 3.5. 
 
 
Figure 3.14 Average immersion scores for neurotypical individuals and individuals with 
ASD. 
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Table 3.5 T-test results for the immersion scores of neurotypical individuals and 
individuals with ASD. 
 
Skill t-stat p 
Cleaning 0.3398 0.7428 
Environmental Awareness 0.7768 0.4523 
Loading the Back of a Truck 1.4142 0.1827 
Money Management 0.0723 0.9435 
Shelving 0.8531 0.4136 
Social Skills 1.4311 0.1729 
 
To measure motion sickness, the questions “How nauseous/how dizzy do you 
feel?” were asked with the choices ranging from “0: None” to “3: Major”. The results of 
the two questions were averaged to obtain the overall motion sickness results, which are 
presented in Figure 3.15. As two sample t-tests were applied to the data for each skill 
module using an alpha value of 0.05, there were no statistically significant difference in 
any of the six modules between the two user groups. Results of the t-tests are presented 
in Table 3.6. Standard deviation was 0 for the loading the back of a truck and the money 
management results. 
 
 
Figure 3.15 Average motion sickness scores for neurotypical individuals and individuals 
with ASD. 
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Table 3.6 T-test results for the motion sickness scores of neurotypical individuals and 
individuals with ASD. 
 
Skill t-stat p 
Cleaning -0.0619 0.9518 
Environmental Awareness -0.3036 0.7676 
Loading the Back of a Truck - - 
Money Management - - 
Shelving 0.4623 0.6602 
Social Skills 0.5077 0.6227 
 
All 18 participants (neurotypical and ASD) answered the question “Would you 
come back to train with us again?” as “Yes.” 
3.5.2. Job Trainer Results 
As the question “Do you think that the VR4VR system will provide effective 
training for the trainees with ASD?” was asked to the professional job trainers who 
accompanied the individuals with ASD during the user study sessions, with five answer 
choices ranging from “1: Will not provide effective training at all” to “5: Will provide very 
effective training”, the overall average score was 5.00 out of 5.00, meaning that the system 
would provide very effective training for trainees with ASD. 
As the question “Do you think that the skill tasks will provide effective training for 
the trainees with ASD?” was asked to the job trainers for individual skill modules with 
answers ranging from “1: Will not provide effective training at all” to “5: Will provide very 
effective training”, the average scores given by the job trainers were as presented in Figure 
3.16. 
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Figure 3.16 Average scores for the effective training for ASD given by the job trainers. 
 
As the question “Do you think that the VR4VR system was designed and 
implemented reasonably?” was asked to the job trainers, with answers ranging from “1: 
Not reasonably at all” to “5: Very reasonably”, the job trainers gave an overall average 
score of 5.00. In the prior meetings with the job trainers during the design phase, the 
reasonable design and implementation of the system was interpreted as the individuals 
with ASD being able to operate the system and complete the tasks without spending too 
much cognitive or physical effort, as a neurotypical individual would operate such a 
system without any prior experience. 
As the question “Do you think that the VR4VR system was accurate in 
understanding the user’s actions?” was asked to the job trainers, with answers ranging 
from “1: Not accurate at all” to “5: Very accurate”, they gave an overall average score of 
5.00. 
To assess the level of improvement the VR4VR system provided to the participants 
on the job skills trained, a follow up questionnaire was given to the job trainers one month 
after the testing. The follow up survey included the question “Please rate the level of 
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improvement you saw in the participant after training with the VR4VR system for each 
skill.” with answers ranging from “1: No improvement” to “5: Major improvement”. The 
participants who participated the user study were Florida’s Vocational Rehabilitation 
(VR) services clients. Job trainers conducted several meetings with the participants 
afterwards to help them in getting employed, hence they were able to observe the 
performance of the clients after they trained with the VR4VR system (by completing each 
level of each skill module once). The average improvement results from the job trainers 
were as presented in Figure 3.17. 
 
 
Figure 3.17 Average follow-up improvement scores for individuals with ASD given by the 
job trainers. 
 
3.5.3. Qualitative Results 
The participants and the job trainers were also asked qualitative open ended 
questions with the aim of further exploring the training experience that the VR4VR 
system provided. For the most positive experience with the VR4VR training, five users 
with ASD stated that they enjoyed the technology involved and using the system in 
general. For the most negative experience with the VR4VR training, five individuals with 
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ASD stated that they had none while two individuals with ASD stated that the HMD made 
their eyes watery. On whether they have learned anything while training with the VR4VR, 
six individuals with ASD stated that they learned the cash register and the money related 
skills, and two individuals with ASD stated they learned what a worker tends to do in 
general and how it was like working in a job environment. The comments of the 
participants are shared following. 
Question: “Have you ever felt limited/restricted while using any of the 
display/interaction methods? If so, please describe the situation and what made you feel 
limited.” UserID 5, ASD: “There were no limitations. Not at all. I was not distracted.” 
UserID 9, ASD: “Never.” UserID 16, ASD: “If we are referring to timing yes, I was 
pressured. But manage to still accomplish the task.” 
Question: “Please describe the most positive experience you had while using the 
VR4VR system.” UserID 3, Neurotypical: “It made me feel practice in a relatively real 
situation.” UserID 4, Neurotypical: “I think that the Head Mounted Display really made 
me go into the situations. Moreover, the cashier system is really interesting for me.” 
UserID 5, ASD: “Socialization had positive experience.” UserID 7, Neurotypical: “The 
most positive was with the Head Mounted Display while looking for the carts in the 
parking lot.” UserID 9, ASD: “I enjoyed it.” UserID 16, ASD: “The shelving or boxes, 
simplest and easiest to do and manage.” UserID 20, ASD: “I know now how to use cash 
register. I learn so much in this training.” UserID 22, ASD: “Using it in general. It was 
really cool.” 
Question: “Please describe the most negative experience you had while using the 
VR4VR system.” UserID 3, Neurotypical: “I feel very dizzy. I cannot use this system for a 
long time.” UserID 4, Neurotypical: “I think the parking lot is too big. So it’s hard to find 
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the carts.” UserID 5, ASD: “There were no negative experiences.” UserID 7, Neurotypical: 
“My most negative experience was during the delivery task in which I hit the table with 
the real box because I didn’t see it.” UserID 8, Neurotypical: “Mounted display.” UserID 
9, ASD: “No negative thoughts whatsoever.” UserID 10, Neurotypical: “Just felt a little bit 
dizzy during some of the experiences.” UserID 13, Neurotypical: “The loading is quite 
difficult.” UserID 16, ASD: “All the background noises.” UserID 20, ASD: “My eyes were 
hurt wearing the googles.” UserID 22, ASD: “Loading boxes. I kept breaking them.” 
Question: “Did you learn anything while training with our system? Please 
describe.” UserID 2, Neurotypical: “Learned how to stack the boxes.” UserID 3, 
Neurotypical: “Yes, like accounting.” UserID 4, Neurotypical: “The interview, because I 
am a foreigner, it really makes me to think about the situation.” UserID 5, ASD: “I learned 
a lot. I learned the cash register.” UserID 6, Neurotypical: “When I try to walk all the 
parking lot trying to find a little cart.” UserID 9, ASD: “Social skills. I learned more about 
money there than I did in school.” UserID 10, Neurotypical: “I learned that these kind of 
system is very important to develop new technologies for people with disabilities.” UserID 
13, Neurotypical: “Should double check with the money. I meant to hit quarters, bit 
dollars, seriously.” UserID 16, ASD: “What a worker tends to do on a daily basis.” UserID 
19, ASD: “Cashier management skills.” UserID 20, ASD: “Cash register.” UserID 21, ASD: 
“How to give change and social skills.” UserID 22, ASD: “Money register. I learned a little 
about virtual reality.” 
Question: “If you have any additional comments or suggestions, please describe.” 
UserID 4, Neurotypical: “Really great jobs!” UserID 9, ASD: “I enjoyed it a lot.” 
As the job trainers were asked about what they liked the most about the skill tasks, 
five of them stated similar opinions on the progression of the levels, gradually increasing 
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difficulty, allowing the participants to build on the learned skills step by step, variety of 
the distracters, allowing the participants to look for details, improving the participants’ 
awareness and problem solving skills, realistic supervisor employee dynamics, 
applicability of the trained skills for many job positions, relevancy to the real work 
experiences, job specific task training, and safe and repetitive training. As they were asked 
about what they liked the least about the skill tasks, three of them shared similar opinions 
on the following: (1) some instructions not being as precise and literal as it could have 
been, since they could still be interpreted differently by the participants; (2) difficulty of 
the loading the back of a truck skill module for the individuals with ASD due to its 
requiring the users to fit the boxes into a tight space and turning out to be demanding too 
much cognitive effort; (3) difficulty of the third sub-task of the environmental awareness 
skill module for the individuals with ASD in which the users were required to find the 
carts that were not in the cart collection area by walking around the parking lot; (4) 
repetition of the assistive prompts too frequently, which created frustration on the users 
with ASD instead of the desired effect of helping them. The comments of the job trainers 
are shared following. 
Question: “What did you like the most about these skill tasks? Please describe.” 
JobCoachID 2: “I like the progression of different levels while learning the tasks in 
Shelving. The user could build off the skills learned during the previous level.” 
JobCoachID 2: “Loading back of a truck is a very realistic skill at warehouses where space 
and time is limited.” JobCoachID 2: “The different emotions behind each question and 
the distractions in Social Skill.” JobCoachID 2: “Allowing assessment of attention to detail 
in Cleaning (need to find all puddles or dirt).” JobCoachID 2: “Attention to detail with 
distractions as well as importance of safety in Environmental Awareness.” JobCoachID 3: 
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“The various distractions given are helpful and the repetitive tasks in Shelving are great.” 
JobCoachID 3: “The questions in social skills were great and very unique but real.” 
JobCoachID 3: “Loading back of a truck task is great way of assess problem solving.” 
JobCoachID 3: “Ease of interaction in money management.” JobCoachID 4: 
“Applicability of skills for work.” JobCoachID 4: “Training for a very common issue with 
safety is much needed.” JobCoachID 4: “The gradual increase in difficulty.” JobCoachID 
4: “Safe way to practice social skills. The user got more used to distractions as time went 
on.” 
Question: “What did you like the least about these skill tasks? Please describe.” 
JobCoachID 2: “Virtual reality verbal instructions need to be shorter or more precise in 
shelving.” JobCoachID 2: “There may be too many boxes in loading. The user can still 
learn the skill, while avoiding frustration, by removing a box.” JobCoachID 2: “There may 
be more closed-ended questions with one correct response in social skill.” JobCoachID 2: 
“Difficulty in grabbing items in litter collection” JobCoachID 2: “Difficulty in finding 
objects in environmental awareness.” JobCoachID 3: “The system is a little difficult to 
watch continuously. It can make you a little dizzy.” JobCoachID 3: “Sometimes it is 
difficult to know when a car is coming in environmental awareness.” JobCoachID 3: 
“Level of difficulty of loading.” JobCoachID 4: “Prompts and directions are a little 
confusing for the environmental awareness. They should be more specific.”  JobCoachID 
4: “Loading training could benefit from an additional easier level.”  JobCoachID 4: 
“Prompts repeated too often. Maybe allow the job coach to play the prompts from the 
tablet.”  JobCoachID 4: “Consider choosing a different word than subtask failed. Due to 
the negative psychological effect of it. It might be understood as I am a failure by the 
subjects.” 
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The research team had conversations with the participants with ASD on their 
opinions on the VR4VR system after they completed the training sessions. As the users 
were asked if they felt distracted while training with the VR4VR system, all participants 
stated that they did not feel distracted. As the users were asked about the possible reasons, 
they consistently answered that they knew the distracters were not real. All of them said 
that they might have been distracted by some of these distracters in real life but they did 
not get distracted in the VR system since they knew all of what was happening was part 
of a virtual reality training game. Then, we asked the participants if they though that the 
distracters were applied realistically in the VR4VR system. They stated that they found 
most of the distracters realistic in the virtual world but it did not matter since they still 
considered them as virtual distractions. As we asked the participants with ASD the 
reasons behind their scoring immersion levels of many skill modules high, yet not getting 
distracted by the distracters; they stated that they were immersed in the game but they 
still knew that it was a game. Hence, the interpretation of immersion by individuals with 
ASD was not as perceiving virtual environments, objects and people as real but immersing 
themselves in playing a serious VR game while being aware that it was not real. These 
reviews shed light on why their scores in the levels without distracters were not 
significantly different than the scores in the levels with distracters. 
As we performed follow up interviews with the job trainers about the usability of 
the VR4VR system for job training in general, some of their comments were as follows: 
“We saw great improvement in the participants we brought in. Their job skills were 
improved especially in warehouse, money management and social skills.” “The system is 
very helpful to see a participant’s baseline and improve from there.” “Users with Autism 
enjoy interacting with technology. So VRVR is a great training tool for them. It is fun and 
84 
interactive.” “Many jobs require cash/money skills and need prior training. VR training 
is great for adults to learn cash register skills since real job places may hesitate to train 
employees with cognitive disabilities with real money.” 
3.6. Discussion 
The user study provided insight mainly on the performance of high functioning 
individuals with ASD as compared to neurotypical individuals who used the VR4VR 
system, improvement the VR4VR system provided to individuals with ASD in the six job 
skills, and effects of the distracters on the performance of individuals with ASD. 
Although neurotypical individuals received higher scores than individuals with 
ASD in all of the skill modules, the results between the two populations were statistically 
different only for the loading the back of a truck and the money management skills. We 
discussed the possible reasons with the job trainers and found out the following: Loading 
the back of a truck skill’s design turned out to be too difficult for this population. The main 
reasons behind this difficulty were the low margin of empty space and the lack of broken 
down steps. As an example, a participant was successful in putting in all of the first four 
boxes out of five successfully. However, when the fifth box appeared, if it did not fit to the 
remaining space, it required a rearrangement of all of the previously put boxes so that the 
correct configuration would be found. In the correct configuration, there was 10% empty 
space margin around the boxes. This was stated to overwhelm the participants with ASD 
and to yield the low scores received in this module. An alternative approach was suggested 
by the job trainers as first showing the participants specific areas to put in the boxes, then 
gradually removing this form of help and expecting them to fill the whole truck by 
themselves. The job trainers stated that they did not observe any problems with the use 
of the money management module hence concurring that this skill module was designed 
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reasonably, with an easy to use interface catering to individuals with ASD. However, they 
also stated that money management is a skill a lot of individuals with ASD do not find a 
lot of opportunities to train on in real life (such as practicing giving change on a cash 
register) and may benefit from training on this skill. 
Although lack of social skills is a known characteristic of ASD diagnosis, scores of 
individuals with ASD were not significantly different than neurotypical individuals. We 
interpret the reason behind as the design of the social skills module in our VR4VR system 
that did not incorporate eye contact, conversation initiation or maintaining. Participants 
with ASD were good at giving answers to the asked questions, their answers were usually 
short but sufficient to receive high scores in this module. A more comprehensive revision 
of the module is among the planned future updates for the VR4VR system. 
The job trainers thought that the most effective training would be provided by the 
social skills and the money management modules and the least effective training would 
be provided by the loading the back of a truck skill. As we discussed the reasons behind, 
they stated that the social skills and the money management skills were designed such 
that they would apply to any job in real life. Although they thought that the remaining 
skills would also improve the relevant skills of the participants, they thought that these 
skills would require some additional training that is specific to job places afterwards (such 
as following specific steps for cleaning or putting the boxes on the shelves according to a 
different coding scheme). 
The job trainers saw the most improvement in participants with ASD who trained 
with the VR4VR system in the money management skills (4.89), followed by the cleaning 
(4.71) and the social skills (4.67). Average scores for all skills were above neutral (3.00), 
which indicated improvement in all skills and supported H1. However, the loading the 
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back of a truck skill received the lowest score (3.29) among the six skills. We think that 
this was caused by the insufficiently accommodating design of the module and will be 
addressed as future work following the possible solutions that were recommended by the 
job trainers. 
Although many realistic distracters were implemented in the form of audio, visual 
and 2D/3D animation, there were no negative effects on the performance of individuals 
with ASD caused by these distracters. There wasn’t any significant difference in scores, 
rejecting H2. The possible reason behind this was initially interpreted by the research 
team as virtual environments’ already creating stimuli over a threshold for participants 
with ASD such that applying additional distracters did not add much to that. However, 
interviews with the participants with ASD revealed that this interpretation was wrong. 
The real reason behind this was stated as the participants’ always being aware of all 
stimuli’s being only virtual and not real. This might have been caused by the characteristic 
of ASD stating that individuals have difficulty in projecting themselves into imaginary 
scenarios or environments [34]. 
Tiredness results were all below neutral (3.00) for all skills for the two populations 
except for the neurotypical individuals for the environmental awareness skill. This skill 
required a lot of locomotion performed with marching in place gesture, which we 
interpret as the cause behind this score. Locomotion gesture is considered for revision in 
the future iterations of the system. 
There wasn’t any statistical difference in the immersion scores for the two 
populations. Individuals with ASD stated higher immersion scores than neurotypical 
individuals for all skills. But on the other hand when interviewed; they stated that they 
thought of immersion as immersing themselves in using the VR experience, not feeling 
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themselves really present in the virtual worlds. Some users gave verbal responses to some 
events happening in the virtual environments, such as saying “Hi” to a virtual co-worker 
passing by or saying “Okay” in response to an announcement, but still they stated that 
they did not think of these as real situations but just virtual instances. This might also 
have contributed to the high scores received in the social skills module since being aware 
that the experience was virtual would remove the social anxiety from conversation, 
yielding higher scores. Although a more detailed study analyzing immersion felt by 
individuals with ASD in VR is needed to make conclusions, we interpret that this might 
be related to the lack of imagination characteristic related to the ASD diagnosis. Although 
they might not feel like they are teleported into virtual worlds, virtual reality might still 
provide them a good training tool in which they may train repetitively in a structured and 
safe environment. However, it should be noted that VR training may not create immersive 
experiences for this population as with neurotypical users and may not replace real life 
training. 
Motion sickness scores were also not significantly different for the two 
populations. However, we observed slightly lower motion sickness scores for the modules 
that included curtain display instead of HMD. Overall, the proposed VR4VR system was 
found to provide effective training for individuals with ASD according to the five job 
trainers who are specialized in vocational training of individuals with ASD. This is a 
promising overall result for the effectiveness of virtual reality for vocational rehabilitation 
of individuals with ASD and increasing their alternatives for getting proper training with 
the long term goal of improving their employment rates. 
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Several design considerations were observed throughout the user study. Below, 
these considerations are shared with the aim of providing positive contributions to future 
VR applications targeting individuals with ASD. 
As the users with ASD were asked the open ended question “Did you learn anything 
while training with our system? Please describe.” Six participants out of nine stated that 
they learned cash related skills and they were very happy about it. Any of these individuals 
have not been previously recruited to cash related jobs in real life. This provides an insight 
in the importance of cash register training opportunities for individuals with ASD. As we 
discussed with the job trainers, they stated that job places might hesitate to provide 
training to individuals with ASD with real money since the consequences might be 
significant to the business. They also stated that many jobs require cash/money skills and 
need prior training and this constitutes a barrier for the number of jobs that are available 
for their clients with ASD. Hence, we believe that cash handling related training 
applications have significant value in providing training opportunities for individuals 
with ASD without using real money, since it is a required qualification for many retail 
related job. 
Getting a score of zero on the failed subtasks made the trainees with ASD 
considerably discouraged. We recommend shifting the scores up so that the minimum 
possible value is not zero for the encouragement of users with ASD. Positive 
reinforcements received positive feedback from the users with ASD and encouraged them 
noticeably. Using positive reinforcements a lot at the beginning and fading them out 
gradually to prepare the users for real life would be a good practice in training applications 
for individuals with ASD. Using words that might be misunderstood as being offensive 
turned out to be a bad practice in our study. VR4VR presented the users with a visual 
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stating “Subtask Failed” at the end of the levels that the users could not complete 
successfully. The users got noticeably upset when they saw this visual. The job trainers 
later stated that the users might have interpreted that phrase as “I am a failure” instead 
of the original meaning it intended and got discouraged. They advised us to use 
affirmative alternatives even in negative situations. 
The system provided automated assistive prompts once every minute if the users 
were unable to complete a requested task instance. This created a negative effect and 
made the users with ASD frustrated instead of helping them. The users did not pay 
attention to these hints. Some users gave verbal responses such as “I know.” and “I am 
trying.” We recommend providing seamless hints such as highlighting where to go or 
marking a wrongly fetched item as red instead of providing them frequent reminders of 
how to do the task at hand. 
When providing prompts and pictographs to individuals with ASD, being very brief 
is of utmost importance. The directions should be as short and precise as possible. 
Otherwise the users with ASD might have difficulty in following the directions and stop 
following what is presented. In our VR4VR, simple pictographs that broke down the steps 
and gave clear directions such as “Do not throw fragile boxes from a large height” worked 
well while more general ones such as “Put all of the boxes inside the back of the truck” did 
not. The users were able to understand what they needed to do in general, but to 
understand how they needed to do what was asked; they needed directions that broke 
down the steps as much as possible. 
Even when the focus is on some another aspect, individuals with ASD might give 
importance to certain aspects such as alignment of objects when a task was learned. It is 
important to keep these aspects consistent throughout the whole experience, if the 
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intention is not to challenge them. In our VR4VR’s shelving module’s second subtask, the 
labels were projected on the front of the boxes whereas in the third subtask they were 
projected on top (Figure 3.18). Many users with ASD tried to put the boxes in the third 
subtask rotated so that their labels were matching the orientation of the ones in the 
second subtask. It did not matter for the sake of these subtasks how the users put the 
boxes, but there has been a confusion on the users which was not intended as part of the 
training. Either changing the labels so that their orientations matched or providing an 
instruction in the third subtask were possible solutions offered by the job trainers to 
provide a more effective training environment. This might relate to every unintentional 
change that could be part of a learning setup. 
 
 
Figure 3.18 The box labels in the VR4VR’s shelving module. Labels on the front face (left). 
Labels on the top face (right). 
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If a relatively complex task is expected from the user, breaking down the task and 
teaching the user in small pieces can be a better approach. It is also important to present 
these pieces to the user with increasing difficulty. After the user gets comfortable with 
performing all of the small pieces, teaching them how to combine these small pieces into 
a large one step by step would decrease the stress. It is important to give the users space 
to practice on each of these small pieces and build on them in time via progressing levels. 
VR4VR’s shelving module tutorials were demonstrated handling the orders and the 
deliveries with a single animation, explaining the whole process at once and training the 
users to perform the tasks this way. This did not work well, and shelving became the skill 
module which required the job trainers to frequently verbally explain to the user what 
they needed to do in smaller steps. Hence, the job trainers advised us to break down that 
tutorial and teach the task in smaller pieces. This idea should apply to any task teaching 
VR application targeting individuals with ASD. 
The literature and the job trainers state that individuals with ASD benefit from 
repetition of a learned task for reinforcement. Repetitive tasks might seem boring for 
neurotypical individuals and designers could put effort into avoiding this. But for 
individuals with ASD, repetition may provide valuable training, they might even feel more 
comfortable when presented with repetitive tasks, since any form of change may make 
them uncomfortable. In our study, we observed these effects on the two populations. 
Neurotypical individuals showed various signs of boredom when performing several 
instances of the same task, while none of the individuals with ASD showed such signs of 
boredom. Hence, it is important to keep in mind that individuals with ASD do not get 
easily bored by repetition like neurotypical individuals and may benefit from performing 
various instances of the same task with repetition for reinforcement. 
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In the more physically demanding skill modules of shelving and environmental 
awareness, some participants with ASD showed signs of tiredness in the form of body 
language, verbal exclamation and sweating. Although they were offered to take breaks, 
they stated that they wanted to continue until the module was finished. We interpret the 
motivation behind this as avoiding to break the routine, which is a known characteristic 
related to ASD. The job trainers then interrupted the module and gave mandatory breaks 
for them since they did not find it good for them to continue exerting so much physical 
effort. After the module was finished, most of the participants stated in the surveys that 
they were not tired at all. So, designing frequent breaks that are tailored to the level of 
physical demand of the experience is very important while designing training applications 
for individuals with ASD, since they might be very driven to finish the task at hand and 
avoid from breaking the general routine. 
As we observed from the testing sessions and the feedback from the job trainers, 
the instructions should be as clear and literal as possible. We encountered some instances 
in which the users with ASD interpreted the instructions differently. This did not mean 
that their interpretations were wrong; however, they were out of context for the designed 
tasks. An example was where the virtual instructor telling the user to vacuum clean the 
dry dirt piles and the user finding a small dark spot on the texture of an environmental 
wooden prop and trying to vacuum clean it for a long time. Hence, double checking the 
virtual environments for other possible interpretations might be a good guideline to 
follow for avoiding creating confusion in users with ASD. 
In the loading the back of a truck module, the users were required to fit the boxes 
into a tight space by changing their orientations. This created considerable stress and 
frustration on the users with ASD. The module did not have a structured nature since the 
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users were able to put the boxes in any way they wanted as long as all boxes fitted into the 
back of the truck. This created a negative learning environment for individuals with ASD. 
They had difficulty in interpreting how to make all of the boxes fit into the provided space 
and how to progress. Instead of providing an open space, walking them through how to 
utilize the space with examples might have been a better approach in this case. 
A similar case was observed in the environmental awareness module. In the first 
and the second subtasks, the users were required to navigate to the points that were 
marked with large green arrows which were visible from every spot of the virtual parking 
lot. In the third sub-task however, the users were required to find the carts that were not 
in the cart collection area. This time, the carts could have been occluded by the 
environmental props such as cars and trees so that the users needed to walk around the 
parking lot looking for the carts. Individuals with ASD struggled with the third subtask 
although they did very well in the first and the second subtasks. We observed that they 
sometimes kept walking around the same spots instead of walking around systematically 
and the subtask took considerably longer to finish for them. Again, a more structured 
guidance would have worked better in this case. To generalize this guideline, keeping a 
narrow and structured framework narrower and widening it gradually can be a better way 
of providing training to individuals with ASD instead of providing them with a larger 
framework in which they can experiment freely. 
In the social skills module, some questions intentionally included difficult moods 
or informal words such as “Why you think the workers don’t organize these damn boxes 
on the shelves?” This caused some participants with ASD to laugh uncontrollably. The job 
trainers stated that this was a very valuable opportunity for them to train these potential 
job seekers before they came across such instances in real life, probably with real 
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customers instead of virtual ones. Hence, we recommend including extreme cases of 
human behaviors in social skills training modules for individuals with ASD to prepare 
them for these unusual cases of interaction and train them on how to handle these 
instances reasonably. 
We observed that individuals with ASD got irritated by the hand markers and the 
easily fidgeting nature of the HMD. They frequently moved the marker bands and the 
HMD even when they were performing the tasks. When we asked the reason, they stated 
that they would prefer a very soft material for the hand bands and a HMD that would stay 
stable even when they turned or tilted their heads. Hence, we recommend using soft 
materials for any wearables and fastening the HMD or other wearables so that remain as 
stable as possible. 
3.7. Limitations 
This user study was performed with high functioning individuals with ASD. Since 
Autism is a spectrum based disorder, results of this study may not be applicable to the 
medium or lower parts of the spectrum. The population size of 9 individuals with ASD 
was not as high to yield results with high statistical powers. This must be considered when 
generalizing the study results. Social skills module did not integrate many aspects of social 
interaction such as eye contact, conversation initiation and maintenance. This should also 
be considered in the interpretation of the results. 
3.8. Conclusions 
This chapter presented the VR4VR system, which utilizes six transferrable skill 
modules within immersive virtual environments for vocational training of individuals 
with ASD. The VR4VR system was presented along with design considerations. The user 
study results of 9 neurotypical individuals and 9 individuals with ASD was reported. 
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Lessons learned were shared in the form of good design considerations to provide positive 
contributions to future virtual reality applications targeting individuals with ASD. The 
follow up surveys indicated improvement in all of the skills trained. Performance of the 
participants with ASD did not get effected by various virtual distracters. As found to 
provide effective training for individuals with ASD by the professional job trainers, we 
believe that the VR4VR system provides an alternative training tool for improving 
vocational skills of individuals with ASD. Although it would not replace real life on site 
job training given by job trainers, the system can be an effective assistive tool in quickly 
discovering a participant’s characteristics and abilities, narrowing down the skills to train 
on, improving these skills by completing the VR training modules and preparing the 
participant for the follow up on site training. 
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INSTRUCTION METHODS IN VIRTUAL REALITY 
 
Instructions are an important aspect of virtual reality since they are crucial to 
understanding what is expected from the user. User friendly instructions can contribute 
positively to the user experience, while confusing instructions can degrade it. There are 
various methods of instruction giving. In this chapter, we examine the effects of four 
different instruction methods on user experience in a virtual reality warehouse task 
experiment. The four instruction methods that were explored in this experiment are 3D 
animated, pictograph, written and verbal instructions. Eight simple vocational tasks were 
designed and implemented to be performed in an immersive virtual warehouse 
environment. A user study was performed with 15 neurotypical participants and 15 
participants with high functioning ASD. Results revealed that animated instructions 
provided better user experience for individuals with ASD among the four methods. 
Written instructions were the second in the rankings. Pictograph instructions were the 
third and the verbal instructions were the least preferred method. In this chapter, we 
present the experiment design, results and discussions of the implications for future 
virtual reality training applications targeting individuals with ASD. 
4.1. Note to Reader 
Parts of this chapter were presented at the Doctoral Consortium event of the IEEE 
Virtual Reality 2016 conference in Greenville, SC, USA. 
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4.2. Motivation 
Since virtual reality is not mainstream yet, many users are expected to have little 
to no prior virtual reality experience, which especially calls for user friendly instructions 
for VR applications. Not much has been explored yet about the effectiveness of different 
instruction methods in virtual reality training applications. Several studies mentioned the 
difficulty arising from the unknowns in the design considerations for this specific 
population.  In this chapter, the effects of instruction giving methods on user experience 
were examined in a VR experiment for baseline vocational warehouse skills training. Our 
motivation is to provide insight into future virtual reality applications for more effective 
and user friendly instructions that cater for individuals with ASD. 
The four instruction methods that were explored in our study are 3D animated, 
pictograph, written and verbal instructions. The selection of these four instructional 
methods were inspired by real vocational training games and instructions that are used 
in the real life training of individuals with ASD. In the preparation of the instructions, an 
important factor is cost of the chosen method. 3D animations and picture based 
instructions are usually costlier to prepare as compared to written or verbal methods. 
Hence, if animated or pictograph methods provide no significant value over written or 
verbal methods, developers can choose these less costly methods in their virtual reality 
applications for ASD. However, if animated or pictograph methods provide effective 
understanding whereas written or verbal does not, developers could select the 
appropriate instruction method accordingly. 
For the study, eight simple tasks were designed to be performed in a virtual 
warehouse environment. The tasks were vocational warehouse skills related and included 
tangible object interaction with tracked boxes. Instructions for these tasks were given to 
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the users with one of these four methods: animated, pictograph, written and verbal. A 
user study was performed with 15 neurotypical individuals and 15 individuals with ASD. 
Since autism is a wide spectrum disorder, it is difficult to characterize the individuals with 
a single stereotype. Hence, we narrowed down the study to high functioning individuals. 
This sub-group of individuals with ASD was selected since they were characterized to 
better communicate their preferences which was expected to lead to more feedback 
collected  [42]. 
 We mainly examined the task performance, replays requested for instructions, 
time to complete the tasks, user preference on the instruction methods, ease of 
understanding and frustration. To make sure that the task design and virtual reality 
implementation were reasonable, we also looked at ease of the tasks, presence and motion 
sickness ranked by the users. 
4.3. Instruction Methods Experiment 
To examine user preference on instruction methods in virtual reality, we decided 
on four instruction methods that were commonly used in vocational training applications 
and real life training of individuals with ASD: animated, pictograph, verbal and written. 
We designed and implemented eight baseline warehouse tasks. The tasks were designed 
to be related to vocational training since job training plays an important role in increasing 
employment opportunities for individuals with disabilities [84]. The tasks were designed 
as warehouse tasks since warehouses were among the most prevalent workplaces that 
employ individuals with disabilities [113]. The tasks took place in a virtual warehouse 
having a realistic appearance. The tasks were intentionally designed to be simple to allow 
the user to focus on their instruction method preference rather than struggling with the 
tasks. The simplicity of the tasks also expected to overcome any possible cognitive load 
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difference between the instruction methods. A professional job trainer helped us in 
designing the tasks to ensure that the tasks were of similar baseline difficulty and the 
instructions were appropriate. Tasks were designed to be different than each other in at 
least one element. To make sure that the tasks were of the same difficulty level in terms 
of vocational skills and the instructions were meaningful, we demonstrated the designed 
tasks to six professional vocational trainers. They all stated that the tasks had a similar 
level of difficulty and the instructions were meaningful and easy to understand. 
To ensure variety and to minimize any possible learning effects, the tasks were 
designed in three categories: sorting, fetching and alignment. Tasks had a roughly even 
distribution between these categories (3 sorting, 3 fetching and 2 alignment tasks). 
Between the tasks, textures on the boxes and work station labels were changed. Sorting 
tasks were based on price, product label and size. Fetching tasks were based on color and 
product labels. Alignment tasks were based on expiration dates and barcodes. These tasks 
were presented to the users with one of the four instruction methods: animated, 
pictograph, verbal and written. To perform the tasks, users needed to interact with 
tangible boxes that were equipped with markers to be tracked by the motion tracking 
system in real time. A layout sketch of the experiment is presented in Figure 4.1. A general 
overview of the VR system can be seen in Figure 4.2. The reason behind the selection of 
tangible boxes was the positive scores the individuals with ASD gave to this type of 
interaction in the VR4VR system user study. Different textures were projected onto the 
boxes in the virtual world to create variety in the tasks. Real tables were used as 
workstations. These tables also had accurate virtual representations of them. Different 
labels such as ‘Regular QC’ and ‘Inspection Area’ were projected to the white areas on the 
virtual tables to specify work stations in different tasks. 
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For the animated instructions, a realistic 3D animation approach was used to be 
able to convey the instructions in a way that is close to real world and to make sure that 
the difference between this method and the 2D picture based instructions were obvious. 
As an example, animation strip of a task is shown in Figure 4.3. 
 
Figure 4.1 Layout sketch of the instruction methods virtual reality experiment. 
 
 
Figure 4.2 Instruction methods virtual reality experiment setup. 
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In the animated method, as a virtual warehouse supervisor character 
demonstrated the tasks, he also described what he did with a few brief words to explain 
the task better, similar to a supervisor teaching a task to their employee by demonstration. 
3D animations were played in the virtual world in real time instead of being pre-rendered 
and displayed as a video overlay. The reason for that was to give the user the feeling of 
watching a real demonstration in the same environment they were present instead of 
watching an overlaid video. As an example, the virtual tutor says “sorting by price” as he 
sorts the boxes in Figure 4.3. These brief words were recorded as clear voice over audio 
by a male native English speaker. Pictographs consisted of simple drawings with brief 
explanations (Figure 4.4). The reason for selecting pictographs as one of our methods was 
the use of them in training individuals with ASD in real life and the prevalent use of them 
in today’s workplaces for instructions, especially in fast food and retail stores, and in 
training games. The visuals of the tasks and the pictograph and written instructions can 
be seen in Appendix D. 
 
 
Figure 4.3 Animation strip of the instructions of task 8 in the instruction methods VR 
experiment. 
 
Written instructions consisted of brief yet clear explanations of the tasks to be done 
avoiding verbosity (Figure 4.4). We gave great importance to make these instructions easy 
to understand by using common words in simple English. For the verbal instructions, 
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content of the written instructions was read clearly and recorded as voice over audio by a 
female native English speaker. 
 
 
Figure 4.4 Pictograph (left) and written (right) instruction methods. 
 
Instructions had different pre-defined durations proportional to their content. 
Animated instructions varied between 8 and 18 seconds. All pictograph durations were 
10 seconds since their content was similar. Written instruction durations varied between 
10 and 12 seconds and verbal instruction durations varied between 5 and 9 seconds based 
on the length of the content. In our virtual reality experiment, first the users were 
presented with the instructions and requested to watch/read/listen to the instruction 
method until it disappeared. To make the users focused on the instructions for the same 
amount of time for comparable results, possible actions of the users were restricted in this 
mode. After the instructions disappeared, virtual boxes appeared and the users were then 
able to interact with the objects in the virtual world. We preferred this approach to ensure 
that all users were exposed to the instructions for the same amount of time, yielding 
comparable results. The animated instructions took place in a position that was very close 
to the user in the virtual world. Pictograph and written instructions were presented as 
overlays covering 60% of the screen. Verbal instructions did not have a visual cue. 
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4.4. Hardware 
Twelve Opti Track V100R2 FLEX cameras were used for real time motion tracking. 
The tracked area was 8ft by 8ft but the tasks were designed so that the user never needed 
to step outside of the tracked area. A VR2200 head mounted display (HMD) was utilized 
to view the virtual world. The HMD was tracked by the system in real time via attached 
markers on top. Users wore a backpack that contained a battery for the HMD and the port 
for the VGA cable. This backpack weighed around 2 pounds. The VGA cable went to the 
server computer through a tool balancer mounted on the ceiling. Software was 
implemented using the Unity game engine and worked around 60 frames per second. The 
users also wore hand bands that were equipped with reflective markers for real time hand 
tracking. The boxes were also equipped with markers for real time tracking. Four 
surrounding speakers (Creative A550) were used for audio. 
4.5. User Study 
In this subsection, the user study design is presented in the form of experiment 
design, demographics, hypothesis, data collection and the experiment procedure. 
4.5.1. Experiment Design 
Within subjects experiment was performed with the independent variable of 
instruction method. The independent variable had four levels (animated, pictograph, 
verbal and written instructions) that were varied within subjects. Each participant was 
presented with two different instances of each of the four method. Orders of the 
independent variable levels were assigned randomly. Counterbalancing was also used to 
have an even distribution. A sketch of the experiment design can be seen in Figure 4.5. 
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Figure 4.5 Experiment design of the instruction methods user study. 
 
4.5.2. Demographics 
15 neurotypical individuals (N = 15) and 15 individuals with high functioning ASD 
participated in the study (N = 15). All participants with ASD were diagnosed as high 
functioning by their medical practitioners and had an IQ score higher than 70. 
Participants were recruited via e-mail announcements, flyers and word of mouth. A $50 
gift card was given to the participants as an incentive. 
Neurotypical individuals were undergraduate or graduate university students from 
different majors. Neurotypical individuals were aged between 21 and 33 with mean (µ) 
25.80 and standard deviation (σ) 3.05. All neurotypical individuals were either native 
English speakers or fulfilling the English proficiency requirement with TOEFL IBT score 
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above 79 or IELTS score above 6.5. Gender distribution of neurotypical individuals was 5 
female and 10 male. 13 neurotypical participants had no prior virtual reality experience 
whereas 2 neurotypical participants had minimal prior virtual reality experience. 
Individuals with ASD were aged between 18 and 40 with mean (µ) 22.73 and 
standard deviation (σ) 5.38. All individuals with ASD were native English speakers. 
Gender distribution of individuals with ASD was 4 female and 11 male. 14 individuals with 
ASD had no prior virtual reality experience whereas 1 individual with ASD had minimal 
prior virtual reality experience. The study was conducted under the IRB Pro00013008. 
4.5.3. Hypothesis 
This experiment aims to answer the following research question: What are the 
effects of instruction methods on the user experience of individuals with ASD in virtual 
reality? We developed the following two hypotheses in light of the research question: 
H3: The animated instructions will be the most preferred method by individuals 
with ASD as compared to the other three instruction methods. 
H4: The written instructions will be the least preferred method by individuals with 
ASD as compared to the other three instruction methods. 
When constructing these hypotheses, we thought that 3D animation was the 
method that was closest to the real life training whereas the written instructions was the 
least prevalently used method in real life, considering the recent increase in the use of 
visual communication in many areas. 
4.5.4. Data Collection 
Automated data was collected for the following: the successful completion of the 
tasks and the fails with their time logs, time to complete the tasks and the number of 
instruction replays requested by the users. 
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After the users completed all of the eight tasks, a survey was given to them. This 
survey asked questions about their preferred instruction method, ease of understanding 
each instruction method provided, frustration each instruction method caused, level of 
presence and motion sickness during the whole experiment, and the perceived ease of the 
tasks. 
4.5.5. Procedure 
Participants arrived at the laboratory. They read and signed the consent form and 
filled out the demographics questionnaire. Then, the research staff briefly explained the 
equipment and the user’s objective in the experiment. The users were told that they would 
be presented with different instruction methods and their aim was to do what they 
understood from that instruction method. They were also told that they could request two 
more replays for the instructions if they felt like they did not understand them. Following, 
the research staff helped the users wear the head mounted display and the hand bands, 
and a familiarization session began. The aim of this session was to get the users 
comfortable with the virtual reality system and the tangible box interaction. Research 
staff first explained the elements in the virtual world briefly: virtual warehouse, 
workstations and boxes. Research staff then requested the users to perform some basic 
actions such as looking at their hands, looking around, moving around on the tracked 
area, holding and moving the tangible boxes, rotating the boxes and touching the work 
stations. The familiarization session was ended when the user stated that they were 
comfortable with the virtual reality system, which took approximately 80 seconds on 
average. Then, the experiment began. The users were presented with eight tasks. Each 
task instance consisted of first watching or listening to the instructions and then doing 
what the instruction requested. The users could also request two more replays of the 
107 
instructions if they wanted to. After finishing all of the eight tasks, each presented with 
one of the four instruction methods, the research staff helped the users to take off the 
worn equipment. The users then filled out a survey about their experience. Virtual reality 
exposure time was around 10 minutes and the survey filling time was around 3-5 minutes 
per user. 
4.6. Results 
In this subsection, the user study results were presented for neurotypical 
individuals and individuals with ASD in the form of qualitative results, quantitative 
results and discussions. 
Although the tasks were tried to be designed with the same level of difficulty -with 
the help of the professional job trainers; one of the eight tasks turned out to be 
significantly more confusing than the others. Independent of the instruction method, 11 
neurotypical individuals out of 15 and 13 individuals with ASD out of 15 failed in Task 5. 
Hence we excluded all data of this task from the analysis and examined the results of the 
remaining 7 tasks. 
 
 
Figure 4.6 Starting box positions for the task 5 of the instruction methods VR experiment. 
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Task 5 requested the users to move the cookware box to the Regular QC area (QC 
stood for Quality Control). In the beginning, there were one cookware and one silverware 
boxes in each workstation with the identical alignment. One workstation was labeled as 
‘Urgent QC’ and the other was labeled as ‘Regular QC’. The users needed to pick up the 
cookware box on the Urgent QC area and put it to the Regular QC area. Initial box 
positions for this task are presented in Figure 4.6. Distribution of the 4 successful 
completions of this task over the instruction methods were as follows: neurotypical 
individuals: 1 animated, 1 pictograph, 1 verbal, and 1 written; individuals with ASD: 1 
pictograph and 1 written. 
4.6.1. Neurotypical Individuals 
All 15 neurotypical participants completed the experiment. In this sub-subsection, 
results of the neurotypical individuals are presented. The reason of having neurotypical 
participants in the user study was to observe if there was any difference in the use of the 
VR system between the neurotypical participants and the participants with ASD. 
Although it was not the focus of the study, we also present the results of the neurotypical 
individuals to contribute to the design considerations for VR training systems targeting 
neurotypical individuals. 
4.6.1.1. Quantitative Results 
The percentage of successful completions in all seven tasks for different instruction 
methods was examined. The results of the percentage of fails and successful completions 
are presented in Figure 4.7. Error bars in all of the charts represent the standard error of 
the mean. As we analyzed the data for the effect of the instruction method on successful 
completion percentage using single factor ANOVA with alpha 0.05, no significant effect 
was found (F(3, 11) = 1.690, p = 0.184). Mauchly’s sphericity test was succeeded, hence 
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sphericity was assumed. However, it can be observed that all users were able to complete 
the tasks correctly with the animated instructions whereas the success percentage was 
below 89% for the other methods. 
 
 
Figure 4.7 Bar charts for the successful completion and fail percentages with different 
instruction methods for neurotypical users. 
 
Participants were informed before the experiment that they could make two 
additional replay requests for the instructions if they wanted to. 10 users out of 15 did not 
make any repetition requests. Total number of repetitions requested for each instruction 
method can be seen in Table 4.1. The most repetitions were requested for the pictograph 
method whereas no repetitions were requested for the animated instructions. 
 
Table 4.1 Total number of repetitions requested by neurotypical individuals. 
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We also looked at the effect of instruction methods on the task completion 
duration. To do so, we excluded the instances in which the users failed in a task since they 
were not accurate representations of the task completion duration. Average task 
durations for the successfully completed tasks are presented in Figure 4.8 for different 
instruction methods. To make a statistical analysis on the duration data, we first needed 
to adjust the durations to be independent of tasks. For that, we gave the tasks time 
coefficients which were proportional to the average time the tasks took when people from 
our research lab who were familiar with virtual reality fulfilled them at a normal pace. 
Then, we divided the duration data by these time coefficients to obtain the adjusted 
durations for the tasks. After that, we applied single factor ANOVA with alpha 0.05 and 
saw significant difference in duration with F(3, 11) = 2.735 and p = 0.048. Two sample T-
tests assuming equal variances revealed that the animated instruction method’s results 
were significantly different than the other instruction methods’ results (for animated and 
written, t(14) = -2.72, p = 0.01). No significant differences were found between the 
duration results of the pictograph, verbal and written instruction methods. 
 
 
Figure 4.8 Bar charts for the average task completion durations with different instruction 
methods for neurotypical users. 
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At the end of the experiment, we asked each user to rank the instruction methods 
according to their preference. Then, we gave weights to these results so that the first 
choice had a weight of 4, the second choice had a weight of 3, the third choice had a weight 
of 2 and the fourth choice had a weight of 1. After that, we applied these weights to the 
count of times each method was ranked in an order and we divided the results by our 
sample size of 15. This gave us the weighted averages of the user preference results, which 
can be seen in Figure 4.9. 
 
 
Figure 4.9 Bar charts for the weighted averages of the user preference ranking scores of 
neurotypical individuals for different instructions. 
 
As we applied single factor ANOVA analysis, there was significant difference in the 
preference results (F(3, 11) = 8.372, p = 0.000). Mauchly’s sphericity test was succeeded, 
hence sphericity was assumed. As we performed t-tests, there was significant difference 
between animated - written, animated - verbal, pictograph - verbal and written - verbal 
methods (Table 4.2). The animated instructions were the most preferred with a score of 
3.47. The verbal instructions were the least preferred with a score of 1.53. 
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At the end of the experiment, we asked each user to give a score for the ease of 
understanding each instruction method provided for them within a range of 5 to 1 (5: very 
easy, 1: not easy at all). The results are presented in Figure 4.10. To analyze the results, 
we applied single factor ANOVA with alpha 0.05 and found out that there wasn’t any 
significant difference for the different instruction methods in terms of ease of 
understanding (F(3, 11) = 1.511, p = 0.226). Mauchly’s sphericity test was succeeded, 
hence sphericity was assumed. However, it can be observed that the animated 
instructions provided slightly higher ease of understanding as compared to the other 
three methods. 
 
Table 4.2 T-test results which yielded significant mean differences for the preference 
ranking scores of neurotypical individuals. 
 
 df µ Diff. p 
Animated - Written 14 1.000 0.016 
Animated - Verbal 14 1.933 0.000 
Pictograph - Verbal 14 1.000 0.016 
Written - Verbal 14 0.933 0.008 
 
 
Figure 4.10 Bar charts for the average ease of understanding scores of neurotypical 
individuals for different instruction methods. 
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In the survey, we also asked the users to rate the level of frustration each 
instruction method gave them within a range of 5 to 1 (5: very frustrated, 1: not frustrated 
at all). The frustration results for different instruction methods can be seen in Figure 4.11. 
Applying single factor ANOVA with alpha 0.05 revealed that there wasn’t any significant 
effect of the instruction methods on the frustration (F(3, 11) = 0.928, p = 0.402). 
Mauchly’s sphericity test was failed, hence Greenhouse-Geisser correction was applied. 
In the survey, we asked the participants how easy the tasks were to perform in 
overall. The aim of this question was to make sure that the users were not challenged by 
the tasks and the results were not biased due to the difficulty of the tasks. Possible answers 
ranged from 5: very easy to 1: not easy at all. Averaged score for all participants was 4.67 
with a standard deviation of 0.49, meaning that the tasks were not challenging for them, 
which aligned with our intention. 
 
 
Figure 4.11 Bar charts for the average frustration results of neurotypical individuals for 
different instruction methods. 
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not the main focus of this experiment, five basic presence questions were selected that 
were most relevant to the experiment such as “Did you have a sense of being in the virtual 
warehouse?” and “Did the virtual warehouse seem like somewhere you visited or images 
that you saw?” The results for all questions were averaged for each participant and 
considered as their overall presence score. The minimum score of 1 represented the lowest 
level of presence whereas the highest score of 5 represented the highest level of presence. 
For all 15 participants, the aggregated presence score was 3.64 out of 5.00 with a standard 
deviation of 0.54. Scores for the individual presence questions can be seen in Table 4.3. 
 
Table 4.3 Presence scores of neurotypical individuals for the individual questions. 
 
 N Mean SD 
Sense of being in the virtual world 15 4.40 0.63 
Virtual world more realistic than real 15 2.53 1.25 
Visiting vs. viewing images 15 3.27 1.10 
Awareness of the real surroundings 15 3.53 0.74 
Ease of Concentration 15 4.47 0.83 
 
To measure motion sickness, a modified version of the motion sickness assessment 
questionnaire of Gianaros et al. was used [47] with a five-point Likert scale. To make sure 
that the participants were not uncomfortable with the virtual reality experiment in terms 
of motion sickness, five main questions were selected such as “Do you feel nauseous?” 
and “Do you feel disoriented?” and the scores for these five questions were averaged to 
obtain an aggregated motion sickness score for each user. The minimum score of 1 
represented the lowest level of motion sickness whereas the maximum score of 5 
represented the highest level of motion sickness. Average aggregated motion sickness 
score for all users was 1.47 out of 5.00 with a standard deviation of 0.66. Although they 
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were informed at the beginning of the experiment that they could stop and withdraw 
anytime they felt uncomfortable, no participants wished to stop taking part in the 
experiment. We didn’t receive any major complaints about motion sickness. Scores for 
individual motion sickness questions can be seen in Table 4.4. 
 
Table 4.4 Motion sickness scores of neurotypical individuals for the individual questions. 
 
 N Mean SD 
Nauseous 15 1.07 0.26 
Dizzy 15 1.80 1.26 
Disoriented 15 1.33 0.82 
Headache 15 1.53 0.92 
Tired Eyes 15 1.60 1.12 
 
Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix E in the form of SPSS statistics software 
outputs. 
4.6.1.2. Qualitative Results 
In the surveys, we also asked open ended questions such as what the users liked 
the most and the least about the instruction methods, and if they had any additional 
comments or suggestions. Although it was irrelevant from the instruction methods, a lot 
of users made positive statements about the tangible box interaction. Some of the 
participant comments about the experiment in general were as follows:  User 4: “It was 
cool handling the boxes in VR.” User 6: “Boxes are lightweight, easy to pick up. Object 
locations are accurate.” User 10: “They were interactive.” User 11: “I liked how you had 
more of a role in interacting with the environment (i.e. actually picking up boxes in the 
real world gave a more realistic experience when you were in the virtual world).” User 13: 
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“I liked how good it responds to the movements I make.” User 15: “It was cool to be able 
to interact with physical objects in the virtual world.” User 17: “Close to real world 
demands.” User 18: “I liked how the tasks were different each time.” User 20: “I liked that 
there were physical objects to correspond to the virtual objects I moved.” There were two 
negative comments in general. User 13: “The boxes were big and somewhat difficult to 
manage with one hand.” User 15: “The boxes might have been slightly too big. This was a 
very minor concern though.” 
There were also some comments about the tasks in general. User 17: “Close to real 
world demands.” User 18: “I liked how the tasks were different each time.” 
For the question “Please describe what you liked the most about the instruction 
methods and why.” A general comment was made by User 13: “All the methods were easy 
to understand.” Other comments were about the animated instructions. User 1: “I liked 
the animated instructions. It was easier to know what the task was and how to perform 
it.” User 2: “I liked seeing all the different methods. I really liked the animated.” User 5: 
“I liked the animated one because it’s straightforward and easy to understand.” User 9: “I 
liked animated tutorials the most. It is very easy to do because I have a teacher.” 
For the question “Please describe what you liked the least about the instruction 
methods and why.” there were comments regarding all of the four methods. A general 
comment was made by User 3: “Instructions were easy to understand but I wasn’t sure if 
I remembered the instructions correctly.” For the animated instructions, following 
comment was made: User 18: “I didn’t like the animated. I didn’t understand the man 
very well.” For the pictographs, following statements were noted by the participants: User 
2: “It was a little confusing with picture tutorial.” User 11: “I could not follow the picture 
instructions immediately.” User 12: “Picture instructions were kind of unclear to me.” For 
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the written instructions, following comments were made: User 1: “Written and audio 
instructions, while not more difficult, were more apprehensive. I find visual cues easier 
to follow.” User 15: “Reading and hearing were slightly more difficult than the other 
methods.” Finally, for the verbal instructions: User 5: “I don’t like the verbal one. If it’s a 
complex task I might miss some information.” User 9: “I needed to replay to understand 
what she was saying.” User 20: “Sometimes in the animated or said (audio) tutorials, 
there was vagueness in the instructions.” 
We also asked the users if they found any of the tasks more difficult than the others. 
10 participants answered no. Three of the comments were about Task 5, which was 
discarded in our data analysis. User 1: “The task that involved moving the cookware was 
slightly more difficult because I didn’t know if the silverware was considered cookware.” 
User 18: “The task separating the cookware was confusing because I wasn’t sure if that 
meant silverware as well.” User 20: “I didn’t know whether to move all of the cookware to 
one location in one of the animated tutorials.” The other two comments were as follows: 
User 4: “Sorting price I couldn’t tell if the extra box mattered.” User 15: “Arranging the 
products in a random order (not by a value was slightly more difficult).” 
4.6.1.3. Discussion 
Results revealed that the neurotypical participants were able to complete all tasks 
successfully with the animated instructions. Although there was no statistically significant 
difference, fail ratio was the most with the verbal method. This could be because of the 
resemblance of the animated instructions to having a tutor in real life. We saw the most 
repetition requests for the pictograph instructions. Average duration of completing the 
tasks was the highest for the pictograph instructions and the lowest for the animated 
instructions. We interpret that the possible reason might be the participants trying to 
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memorize everything on the pictograph and getting a bit confused by this, although the 
pictographs were designed to be brief and easy to understand. Our presenting the 
instructions first and then making them disappear so that the users could not refer to 
them while performing the tasks may have contributed to this result as well. 
User preference was notably favoring the animated instructions. Pictograph was 
the second in preference, being slightly better than the third preference of the written 
instructions. We interpret that although it gave them some difficulty in information 
processing, visual based nature of the pictographs still found to be interesting and 
favorable by the participants. Verbal instructions clearly seemed to be the least choice of 
the participants. Some of our participants complained about the anxiety they had 
regarding the possibility of missing the verbal instructions. 
Animated instructions provided the most ease of understanding whereas the least 
level of frustration. Although no statistically significant difference was found between the 
four methods for these two measures, pictograph instructions had the lowest score for 
ease of understanding and the highest score for level of frustration. Frustration scores 
were very low for all methods. Our intention of keeping the tasks simple may have 
contributed to this. More complex tasks might have yielded a significant difference in the 
frustration scores. 
We observed that the users tended to dislike the methods they were presented with 
in the tasks they failed. For example, if a person couldn’t do task 4 and task 4 was 
presented to them with the written method, this person was likely to comment on the 
written instructions being difficult to understand. This makes sense in terms of user 
experience but also emphasizes the importance of giving randomized instructions for 
different tasks to eliminate this effect. 
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To maintain comparable study instances, we had our participants wait until the 
instructions ended before beginning to perform the tasks. However, we observed 
impatience in many neurotypical participants. They wanted to proceed as soon as they 
understood what they needed to do. Hence, we suggest that giving the users the option to 
skip the instructions might work well for virtual reality applications. 
4.6.2. Individuals with Autism Spectrum Disorder 
All 15 individuals with ASD completed the experiment. In this sub-subsection, user 
study results for individuals with ASD are presented for quantitative results, qualitative 
results and discussion of the implications of the results. 
4.6.2.1. Quantitative Results 
As we looked at the success percentage for different instruction methods, the 
results were as follows for individuals with ASD: animated: 96%, pictograph: 86%, 
written: 92%, and verbal: 80%. Single factor ANOVA with alpha 0.05 revealed no 
significant difference between the instruction methods in terms of success percentage 
(F(3, 11) = 1.083, p = 0.367, sphericity not assumed by Mauchly’s test and Greenhouse-
Geisser correction was applied). Total number of the extra instruction replays requested 
by the participants with ASD were as follows: animated: 1, pictograph: 4, written: 2, 
verbal: 2. 
Survey questions had answers on a 5 level Likert (1: not at all, 5: very much). As we 
analyzed the survey results for the ease of understanding and frustration (Figure 4.12), 
single factor ANOVA revealed no significant difference for the ease of understanding (F(3, 
11) = 3.213, p = 0.064, sphericity not assumed by Mauchly’s test and Greenhouse-Geisser 
correction was applied) or for the frustration (F(3, 11) = 0.579, p = 0.632, sphericity 
assumed by Mauchly’s test). 
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Figure 4.12 Average ease of understanding and frustration scores for individuals with 
ASD. 
 
As the preference ranking results for the four methods were analyzed (Figure 4.13), 
there was statistically significant difference (F(3, 11) = 5.068, p = 0.004, sphericity 
assumed by Mauchly’s test). Paired two Sample t-tests yielded significant difference only 
for the following pairs: animated - pictograph (t(14) = 1.333, p = 0.003), animated - 
written (t(14) = 1.067, p = 0.020), and animated - verbal (t(14) = 1.467, p = 0.007). The 
results provided evidence to support H3 and reject H4. 
 
 
Figure 4.13 Average preference ranking scores for individuals with ASD. 
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Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix E in the form of SPSS statistics software 
outputs. 
4.6.2.2. Qualitative Results 
There were general comments about the experiments and the instruction methods. 
User 8: “Variety of instructions gives variety to multiple learning styles.” User 16: “The 
instructions were really straightforward and easy to understand.” User 19: “Commands 
were specific and easy to follow.” User 22: “It was very impressive task for job training.” 
User 24: “It was easy to observe through visuals.” User 25: “Nothing really gave me 
frustrations like other video games. It teaches you life lessons like the expiration dates 
listed completely in order or the brand barcodes directly to your facial.” User 26: “I liked 
everything because it’s like a realistic video game but the character you’re using is 
yourself.” User 27: “Everything was awesome!” User 28: “I liked all of them [methods].” 
User 30: “They got me used to being in a virtual world.” User 31: “I do like moving boxes 
because I like touching it.” 
As the users were asked about the most negative experience they had while using 
the system, two users made comments about the virtual character. User 14: “I liked the 
whole thing except the virtual guy because he was creepy.” User 23: “He’s [the virtual 
character in the animated instructions] is creepy. He just popped out of nowhere and 
made me startle!” There were three other comments. User 19: “A little because I had to 
repeat the procedure.” User 28: “How cartoonish it was.” User 30: “Nothing. The tutorials 
helped.” 
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For the verbal instructions, there were two negative comments. User 8: “I’m not 
the best with vocal instructions. I was a slight bit worried of mishearing.” User 24: “I had 
a little difficulty trying to listen a little bit, but later picked up as I went along.” 
Two participants made negative comments about the pictograph instructions. User 
19: “Pictures with arrows were hard to comprehend.” User 27: “Verbal & picture 
directions were confusing.” 
4.6.2.3. Discussion 
The results revealed that the animated method was significantly the most preferred 
by individuals with ASD among the four methods. This result aligned with the 
observations made in [75] and [149]. Written was the second, pictograph was the third 
and verbal was the least preferred. The success percentage results were also aligned with 
the user preference, animated instructions leading to the highest success rate whereas 
verbal instructions leading to the least.  
The participants with ASD stated that it was the easiest for them to understand the 
instructions with the animated method since it showed them exactly what to do. We 
recommend using animated instructions for virtual reality training applications targeting 
high functioning individuals with ASD. Written instructions did not cause different 
interpretations and were effective in conveying the information. Hence, we recommend 
using written instructions as a second resort if animated instructions would be costly for 
the VR application. However, using very plain language and avoiding verbosity is of 
utmost importance for the written instructions. 
For the pictographs, we observed that the participants were challenged in 
interpreting the meanings of the objects such as arrows. This was different than the 
observations made in [65]. Since pictographs are 2D in nature and most virtual reality 
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applications are 3D, this called for an orientation translation from 2D to 3D. We observed 
that the participants made some hand gestures and talked to themselves during trying to 
interpret the pictograph instructions, resembling some struggle. This might have been the 
reason why pictographs were challenging for the participants with ASD. They may still 
work well for 2D applications. However, for 3D applications, we do not recommend using 
pictographs since they caused interpretation differences although they were designed to 
be very simple and brief. 
We also observed that some users forgot the content of the instructions (especially 
the pictographs) after they disappeared. The instructions were intentionally designed to 
disappear in the experiment after the users viewed them for their pre-defined durations 
for comparable study results. Hence, once it was the user’s turn to perform the tasks that 
were explained in the instructions, there was no aid on the screen such as overlaid text or 
pictograph. For a better user experience for individuals with ASD, we recommend having 
the instructions stay in the virtual environment as overlays while the users perform the 
tasks so that they would refer back to the instructions when needed. 
The verbal instructions weren’t effective in conveying the information, differing 
with the observations about the effective use of verbal instructions in [39] and [81]. Some 
users with ASD stated anxiety of mishearing or missing the verbal instructions. Hence, 
we do not recommend using verbal instructions in VR applications targeting individuals 
with ASD. If they need to be used, we recommend having transcriptions as well. Also, 
having a repeat option would help in decreasing the anxiety of missing the instructions 
since the user will be able to repeat the verbal instruction as many times as they want. 
Some participants with ASD forgot the second workbench with the verbal and the 
written instructions. They performed what was needed to be done only on one workbench 
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and forgot about the other workbench. As an example, they aligned the boxes on one 
workbench and stated that they were finished although there were unaligned boxes in the 
other workbench. Since the animated and the pictograph instructions showed the two 
workbenches, this did not happen with these two methods. Hence, having a layout of the 
virtual environment would be beneficial when using instructions that do not provide such 
cues to the users (such as written and verbal). 
On a different note, some participants with ASD mentioned finding the virtual 
character in the animated tutorials a bit creepy. As we asked the reason, they said that 
they would have preferred if it didn’t appear directly as the scene started or it had a less 
realistic or less serious look. Since it was out of scope of this study, we cannot make a 
conclusive statement on this, but it might be related to uncanny valley [138] and may 
inspire future studies to investigate this area for individuals with ASD. Since the 
participants stated that they were startled to see the virtual character appear in some of 
the instances (that were presented with the animated instructions), it might be a good 
practice to make the virtual characters make a natural entrance into the scene instead of 
appearing in an area directly visible to the user. 
As we interpreted why Task 5 was confusing for most of the participants with ASD, 
we thought of a few possible reasons. Most participants moved the cookware box to one 
table and then moved the silverware box to the other table so that the boxes were arranged 
as two silverware boxes on one table and two cookware boxes on the other table. Even 
with the animated instruction method in which the virtual character showed exactly 
which box to move where, and the exact box distribution afterwards, we observed this two 
by two box arrangement in the participants. The initial identical distribution of the boxes 
might have created this tendency of grouping the boxes. Hence, we recommend avoiding 
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identical symmetrical arrangements of the virtual objects in tasks designed for individuals 
for ASD unless the intention is to challenge them. Some users also commented on their 
confusion about the silverware being considered as cookware or not. This might have been 
another confusing factor which we could not anticipate while designing the task, although 
no users attempted to arrange the boxes so that all four boxes (two silverware and two 
cookware) were on the destination workbench. This emphasizes the importance of the 
literacy and brief language in the instructions targeting individuals with ASD.  
As general observations, most of our high functioning participants with ASD stated 
that they liked to use VR very much in general and we observed that they were quick to 
get comfortable with the system. Users did not have any issues with wearing the HMD 
and the closure of their views. Some users even stated that they would have enjoyed a 
more enclosed HMD better. On a different note, we observed that wobbly materials made 
users with ASD uncomfortable. They fidgeted the equipment such as HMD and hand 
bands a lot. Hence, we recommend to use secured wearable equipment for their more 
comfortable use. 
To sum up, for VR training applications targeting individuals with ASD, we 
recommend using animated instructions in which a virtual character demonstrates the 
tasks to be performed. As a second resort, we suggest using brief written instructions. We 
do not recommend using pictograph and verbal instructions in VR applications for high 
functioning individuals with ASD. Having the instructions always visible as on-screen 
layouts and having a repeat option for the user are also recommended as good design 
considerations. 
 
 
126 
4.6.3. Comparison of Neurotypical Individuals and Individuals with 
Autism Spectrum Disorder 
As we analyzed the data for the possible differences between the neurotypical 
participants and the participants with ASD, no statistically significant difference was 
found for the survey metrics. However, the preference score for the pictograph was higher 
for the neurotypical individuals so that the pictograph was the second preferred method 
for the neurotypical participants. On the contrary, pictograph was the third preferred 
method for individuals with ASD. This indicated a difference in interpreting the 2D 3D 
translations in the symbols of pictographs. However, the performance of the two groups 
was not significantly different. Neurotypical individuals were observed to be more 
impatient while waiting for the instructions disappear as compared to the individuals with 
ASD. No other major difference in behavior was observed. 
4.7. Limitations 
This study included high functioning individuals with ASD. The results may or may 
not be applicable for medium or lower parts of the autism spectrum. The tasks in this 
study were focused around training, which are expected to have a direct effect on the study 
results. Hence, the results of the study may or may not be applicable for entertainment 
based games or other task designs in VR. Another limitation may be the intentional simple 
design of the tasks. The tasks allowed us to detect the differences between the methods 
independent of the interference caused by complexity. However, we must note that more 
complex task designs may result in different results. Cognitive load exerted by each 
instruction method was not incorporated as a metric in this study. To minimize this effect, 
baseline tasks of similar difficulty, and brief and easy to understand instructions were 
designed with the help of a professional vocational trainer. Finally, the age of the 
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participants (µ = 22.73) may be another limitation. The results of the study may not be 
transferrable to children or elderly population. 
4.8. Conclusions 
In this experiment, we examined the effects of instruction methods on user 
experience in VR. Four instruction methods were explored: animated, pictograph, written 
and verbal. Eight simple vocational tasks to be performed in an immersive virtual 
warehouse environment were designed and implemented. A user study was performed 
with 15 neurotypical participants and 15 high functioning individuals with ASD. We 
reported both statistical results and observations throughout the user study with the aim 
of finding out good design considerations for VR training applications targeting 
individuals with ASD. The results revealed that the animated instructions provided better 
user experience whereas the verbal instructions were the least preferred among the four 
methods for individuals with ASD. Hence, we suggest using animated instructions and 
avoiding verbal instructions in training applications targeting high functioning 
individuals with ASD. 
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VISUAL FIDELITY AND VIEW ZOOM IN VIRTUAL REALITY 
 
This experiment aims at exploring the effects of visual fidelity (high and low) and 
view zoom (normal and magnified) on task performance of individuals with ASD in virtual 
reality. An inspection task was developed in virtual reality and a user study was performed 
with 15 neurotypical participants and 15 participants with high functioning ASD. The 
results indicated that low visual fidelity led to better task performance of individuals with 
ASD whereas view zoom did not have a significant effect on the performance. 
5.1. Note to Reader 
Parts of this chapter were presented at the Doctoral Consortium event of the IEEE 
Virtual Reality 2016 conference in Greenville, SC, USA. 
5.2. Motivation 
In this chapter, we investigate the effects of visual fidelity and view zoom on user 
performance in an inspection task in VR. The goal of the users was to inspect the moving 
virtual boxes on two virtual conveyor belts and to mark the defective ones that had black 
spots on them. Effects of visual fidelity and view zoom was investigated in a user study 
with 15 neurotypical participants and 15 participants with ASD. 
Reduced visual fidelity may simplify the training and lead to better concentration 
whereas high visual fidelity may resemble real world better, making the users perceive the 
VR training application richer and more realistic. High visual fidelity systems are costlier 
to produce since they call for more detailed visuals, 3D models and animations. Hence, if 
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low visual fidelity systems provide similar or better user performance in VR, it would help 
the developers to avoid unnecessary costs and result in faster production with more 
variety. On the other hand, if high visual fidelity effects the user experience positively, VR 
applications can be designed accordingly. 
View zoom was chosen for exploration for two reasons. Previous studies about 
Autism state that using large fonts and drawings may result in better understanding for 
individuals with ASD [45, 165]. Another motivation came from the comments received 
from users with ASD in the virtual reality for vocational training experiment. In that 
experiment, the virtual world was mapped to have the same size as the real world. 
However, some participants with ASD stated that they wished that they could use a 
zoomed view for easier detection of the required details in the tasks. It is known that for 
typical users, changing the view zoom may result in disorientation and motion sickness. 
Nonetheless, individuals with ASD may have different experiences in VR than 
neurotypical users, and thus we decided to test the effects of this property as well. 
Magnified view may result in better concentration since the user will view a smaller 
portion of the virtual world at a time in the magnified form. As the view is magnified, 
movements and rotations of the user becomes amplified as well. Amplified movements 
and rotations may lead to less real world movements and rotations, reducing fatigue. On 
the other hand, it may induce motion sickness or degrade presence. This experiment aims 
at finding out the effects of visual fidelity and view zoom to provide insight for the design 
of future VR training systems for individuals with ASD. 
5.3. Visual Fidelity and View Zoom Experiment 
A VR inspection task was designed and implemented to evaluate the effects of 
visual fidelity and view zoom on user performance of individuals with ASD. The goal of 
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the user was to inspect the moving boxes on two conveyor belts and mark the defective 
ones that had black spots on them. The defective spots had diameters ranging between 3 
and 5cm. The boxes were on two conveyor belts that were positioned on the left side and 
the right side of the user (Figure 5.1). As the user stood at the center of the tracked area, 
they could easily touch the virtual boxes by extending their arms to the sides (Figure 5.2). 
In the design of the task, importance was given to keep the information space small 
and constant so that instead of inspecting the virtual objects in a large virtual 
environment, the users stood still while moving boxes passed by. Hence the users did not 
need to look around as in a large information space. The motivation behind using two 
conveyor belts was to make sure that the users were not fixated to a single point and 
enable a better exploration of the targeted properties. 
 
 
Figure 5.1 Layout sketch of the VR inspection task. 
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As the users touched a virtual box, the box was highlighted in magenta to provide 
real time feedback. The users could deselect unintentionally selected boxes by touching 
them again. As the boxes were deselected, their color returned to the original. Real tables 
were positioned in the testing area to give the users a sense of physical collision if they 
moved near the virtual conveyor belts. The defects were on the faces of the boxes that 
were visible to the user at all times so that they did not need to turn back to check the back 
faces of the boxes (Figure 5.3). 
 
 
Figure 5.2 VR inspection task setup. 
 
There were 22 boxes on each conveyor belt, 10 of which were defected. Each 
conveyor belt had two types of boxes (two brands) that were approximately even in 
number and evenly distributed. Conveyor belts moved with a speed of 0.25 m/sec. This 
speed was found by slowing down the speed with which a typical user could comfortably 
inspect the boxes on both conveyor belts by 20%. The training session included only one 
conveyor belt (Figure 5.4) to teach the task to the users without overwhelming them. For 
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visual fidelity, there were two conditions: high visual fidelity and low visual fidelity 
(Figure 5.5). Visual fidelity was changed for all elements in the virtual world. Specifically, 
four factors were affected by the level of visual fidelity: realism of the textures, detail of 
the geometry, realism of the skybox, and realism of the lighting. For view zoom, there 
were also two conditions: normal view and magnified view (Figure 5.6). The view was 
magnified by 1.25x. 
 
 
Figure 5.3 A defective box in the VR inspection experiment. 
 
 
Figure 5.4 Training session of the VR inspection task. 
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Figure 5.5 High visual fidelity - normal view (top) and low visual fidelity - normal view 
(bottom) conditions of the VR inspection experiment. 
 
134 
 
Figure 5.6 High visual fidelity - normal view (top) and high visual fidelity - magnified view 
(bottom) conditions of the VR inspection experiment. 
 
5.4. Hardware 
Real time motion tracking was performed with 12 Opti Track V100R2 FLEX optical 
cameras. The size of the tracked area was 8ft by 8ft but the users did not need to walk in 
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the experiment. A VR2200 head mounted display (HMD) was utilized to view. HMD 
movement was tracked by the system in real time via markers attached on top, so that the 
virtual world was rendered based on the head movements of the user. The VR application 
was implemented using the Unity game engine and worked around 60 frames per second. 
Users wore hand bands that were equipped with reflective markers for real time hand 
movement tracking. 
5.5. User Study 
In this subsection, user study design is presented in terms of experiment design, 
demographics, hypothesis, data collection and procedure. 
5.5.1. Experiment Design 
Two by two within subjects experiment was performed with the independent 
variables of visual fidelity and view zoom. Both independent variables had two levels: high 
visual fidelity and low visual fidelity, and normal view and magnified view. By varying 
these levels, four conditions were obtained that were changed within subjects: high visual 
fidelity - normal view, high visual fidelity - magnified view, low visual fidelity - normal 
view, and low visual fidelity - magnified view. Each participant completed a trial with each 
condition (four trials per participant in total). Order of the conditions was assigned 
randomly, with counterbalancing. In each configuration, different box sets were 
presented to the users, which were also assigned randomly with counterbalancing. The 
users were requested to mark as many defective boxes as they could. One trial took 2 
minutes. In each trial, there were 20 defective boxes in total (10 on each conveyor belt) 
but the users were not informed on that number. The sketch of the experiment design is 
presented in Figure 5.7. 
136 
The score was calculated as follows: Number of hits - number of misses + 
(0.5)*number of corrections. Hits were the defective boxes that were correctly selected 
(with black spots on them). Misses were the boxes that were incorrectly selected (not 
having black spots on them). Corrections were the deselections of the misses. 
 
 
Figure 5.7 Experiment design of the VR inspection user study. 
 
5.5.2. Demographics 
15 neurotypical individuals and 15 high functioning individuals with ASD 
participated in the user study. All participants with ASD were diagnosed as high 
functioning by their medical practitioners and had an IQ score higher than 70. The 
participants were recruited via e-mail announcements, flyers and word of mouth. A $50 
gift card was given to the participants as an incentive. 
Neurotypical individuals were aged between 21 and 33 (µ = 25.80, SD = 3.05). 
Gender distribution of the neurotypical individuals was 5 female and 10 male. 13 
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neurotypical participants had no prior VR experience, 2 neurotypical participants had 
minimal prior VR experience. 
Individuals with ASD were aged between 18 and 40 (µ = 22.73, SD = 5.38). Gender 
distribution of the individuals with ASD was 4 female and 11 male. 14 individuals with 
ASD had no prior VR experience, 1 individual with ASD had minimal prior VR experience. 
The user study was conducted under the IRB Pro00013008. 
5.5.3. Hypothesis 
In our study, the following research question is aimed to be answered: What are 
the effects of visual fidelity and view zoom on user performance of individuals with ASD 
for a virtual reality inspection task? Based on the research question, we developed the 
following two hypotheses: 
H5: Low visual fidelity will affect the user performance of individuals with ASD 
positively. 
H6: Magnified view will affect the user performance of individuals with ASD 
positively. 
5.5.4. Data Collection 
Automated data was collected for the following: box sets and the distributions on 
the conveyor belts, number of hits, misses, unintentional touches and corrections with 
their time logs. After the users completed a trial with a condition, a survey was given to 
them having questions on the following: the perceived difficulty of the task, frustration, 
ease of finding the boxes, distraction, feeling of being restricted, ease of concentration, 
presence, motion sickness, estimation on the number of missed defective boxes, and user 
comments. 
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5.5.5. Procedure 
After the participant read and signed the informed consent form and filled out the 
demographics questionnaire, the research staff briefly explained to the participant the VR 
equipment and their objective in the experiment. The users were informed about the 
defective boxes and the faces of the boxes they might be on. The research staff helped the 
users to wear the VR equipment. The training session then began. The aim of the training 
session was to make the users get used to VR interaction and the task. In the training 
session, there was one conveyor belt and the configuration was high visual fidelity - 
normal view. The training session took one minute. After the training session, the 
experiment started. Each user completed four trials with four conditions, each trial 
followed by filling out a survey for the condition they tried. After the users completed four 
trials, the experiment ended. 
5.6. Results 
In this subsection, results of the user study are presented for neurotypical 
individuals and individuals with ASD as quantitative and qualitative results and 
discussions. The reason of having neurotypical participants was to observe any possible 
differences between them and individuals with ASD in using the VR system or performing 
the inspection task. Although the focus of the study was individuals with ASD, we also 
present the results of the neurotypical individuals to contribute to the design 
considerations for VR training systems for neurotypical individuals. 
5.6.1. Neurotypical Individuals 
This sub-subsection presents the results for the neurotypical participants as the 
quantitative results, qualitative results and discussions. All 15 neurotypical individuals 
completed the experiment (N = 15). 
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5.6.1.1. Quantitative Results 
Average user scores for the four conditions are presented in Figure 5.8. As the data 
was analyzed for the effects of the variables on the score using two way ANOVA with 
repeated measures with α = 0.05 and Bonferroni correction we found out that visual 
fidelity had a statistically significant effect on the score (F(1, 11) = 12.719, p = 0.003) 
whereas view zoom did not have a significant effect (F(1, 11) = 0.002, p = 0.967). Paired 
t-tests results are reported in Table 5.1 (VF stands for visual fidelity). Effect of visual 
fidelity was significant for both levels of view (normal and magnified). Plot of the means 
of the user scores for the two variables can be seen in Figure 5.9. High visual fidelity led 
to lower scores whereas low visual fidelity led to higher scores. Normal or magnified view 
did not have an effect on the score of the users. 
 
 
Figure 5.8 Bar charts for the average user scores of neurotypical individuals for different 
conditions of visual fidelity and magnified view. 
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Table 5.1 Paired t-test results for the average user score of neurotypical individuals. 
 
Condition N df t-stat p 
High VF - Normal View, 
High VF - Magnified View 
15 14 0.063 0.951 
Low VF - Normal View, 
Low VF - Magnified View 
15 14 0.000 1.000 
High VF - Normal View, 
Low VF - Normal View 
15 14 -2.748 0.016 
High VF - Magnified View, Low 
VF - Magnified View 
15 14 -3.200 0.006 
 
 
 
Figure 5.9 Plot of the means of the neurotypical individuals’ scores for visual fidelity and 
view zoom. 
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At the end of the trial of each condition, a survey was filled out by the participants. 
The survey had questions on the following variables: the perceived difficulty of the task, 
level of frustration, ease of finding the boxes, level of distraction, feeling of being limited 
(restricted), ease of concentration, presence and motion sickness. The users were asked 
to give a score for each variable on a Likert scale of 5 to 1 (5: very much, 1: not at all). The 
presence questions in the survey were from the Witmer and Singer’s presence 
questionnaire [163] and the motion sickness questions in the survey were from the motion 
sickness questionnaire of Gianaros et al. [47]. Results of these survey variables can be 
seen in Figure 5.10. Two way ANOVA with repeated measures with α = 0.05 and 
Bonferroni correction resulted in statistical significance only for the following variables:  
perceived difficulty of the task, visual fidelity (F(1, 11) = 7.549, p = 0.016); ease of finding 
the boxes, visual fidelity (F(1, 11) = 8.654, p = 0.011); feeling of being limited/restricted, 
visual fidelity (F(1, 11) = 6.646, p = 0.022); ease of concentration, visual fidelity (F(1, 11) 
= 6.137, p = 0.027); presence, visual fidelity (F(1, 11) = 5.833, p = 0.030); motion sickness, 
visual fidelity (F(1, 11) = 10.000, p = 0.007). 
 
 
Figure 5.10 Bar charts for the average scores by neurotypical individuals for the survey 
variables for different conditions. 
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The survey also had a question that requested the users to estimate the number of 
missed boxes in a trial. Results are presented in Figure 5.11. As two way ANOVA with 
repeated measures with α = 0.05 and Bonferroni correction was applied to the difference 
of the real number of misses and the estimated number of misses, statistical significance 
was only found for visual fidelity (F(1, 11) = 13.407, p = 0.003). High visual fidelity yielded 
less accurate estimations for the missed boxes whereas low visual fidelity yielded more 
accurate estimations. 
 
 
Figure 5.11 Bar charts for the averages of the real number of misses and the estimations 
of misses by neurotypical individuals for different conditions. 
 
Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix F in the form of SPSS statistics software 
outputs. 
5.6.1.2. Qualitative Results 
The surveys included open ended questions about what the users liked the most 
and the least about the trial, and if they had any additional comments or suggestions. 
There were many positive comments about the experiment in general. User 1: “I liked how 
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realistic it seemed. It seemed like the boxes were actually moving past me.” User 2: “I 
liked that it was a little challenging.” User 3: “Easy to understand.” User 5: “It gave me a 
feeling that I was working in that warehouse.” User 6: “It is intuitive.” User 9: “It is easy 
to touch the defective box. I can see the spot clearly and the distance of the belt is very 
well.” User 10: “Animation was good.” User 11: “I enjoyed having to keep track of two belts 
moving; it was more challenging and more representative of the real world. Maybe you 
can have the belts even move faster. I liked being able to bend down to get a better look 
at the boxes like you would in real life.” User 12: “Freedom of movement like in a real 
world.” User 13: “Not much moving; it was more observing. It felt like a video game. Easy 
to perform. I liked everything.” User 15: “I liked that it made you hurry, but not rush.” 
User 17: “Real world simulation and easy interaction.” User 18: “I enjoyed the difficulty 
of the task (having two conveyor belts). I liked that it was challenging and interactive.” 
User 20: “The task felt realistic and doable; I imagine it would be good for training 
employees.” 
There were also some negative comments about the experiment in general. User 3: 
“The defect on the boxes was small.” User 5: “It will be better if there are haptic feedbacks 
when touch the boxes.” User 6: “When you hit a red colored box, it’s not easy to see the 
highlight.” User 8: “Spotting the defects is difficult on darker boxes.” User 12: “It would 
help to know if I touched the box or not without looking at it. Maybe vibration feedback 
or something would be helping.” User 13: “It was slow but I like a challenge. For 
rehabilitation it may be excellent.” User 15: “I didn’t think this session was as fun as the 
one for selecting boxes on shelves. This one was more drab.” User 20: “Some of the colors 
made it difficult to spot defective boxes. Also, sometimes the boxes seemed to move too 
fast. Both of these would be realistic problems though.” 
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Many participants made comments stating that high visual fidelity made the VR 
experience seem more real whereas making the task seem more difficult. User 2: 
“Challenging.” User 4: “Felt more realistic.” User 5: “The pattern on the boxes are more 
complex and colorful makes it more difficult to spot the defect.” User 6: “The belt was 
faster than before.” User 11: “Felt like the belt moved faster or more products went 
through than before [Simple High FOV - Simple Low FOV]. So it was more challenging 
and more realistic.” User 9: “Sometimes I could not find the spot because the box’s colour 
was too fresh.” User 15: “I noticed the green lights at the top of the conveyors which were 
cool.” User 20: “I appreciated that the warehouse had more details and felt more real 
[than low visual fidelity]. However, some of it was a little more distracting [than low visual 
fidelity].” 
Many participants stated that low visual fidelity made the task seem easier but 
degraded the level of realism. User 4: “Simplicity made it easier to see defectives but made 
it feel less real. Didn’t like how ‘smooth’ everything was.” User 5: “There is no reflected 
lights on the boxes surface which makes it easier to spot the defects.” User 6: “Seems 
slower than before [normal view].” User 9: “I think it is clearer [low visual fidelity] and I 
can see the spot quickly.”  
Magnified view received mostly negative reviews from the users. Some users stated 
that they liked it User 1: “Boxes seemed larger and easier to touch.” whereas many users 
stated that they didn’t like it User 1: “I felt like I was too close, it was hard to see both 
conveyors at the same time. Zooming out would be better.” User 2: “Hard to see both 
boxes at once.” User 4: “It was challenging.” User 5: “I think the view is too narrow 
compared to the real eye view. This makes it difficult when the boxes come out fast.” User 
6: “The belt seems higher than before. I don’t like high platform.” User 13: “I felt I was 
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close to the conveyor and needed to move my head too much to see the boxes. It felt I was 
closer to the exit and sometimes it was difficult to see the boxes.” As we interviewed the 
users at the end of the experiment, the majority stated preference for low visual fidelity 
and normal view. 
5.6.1.3. Discussion 
Results revealed that high visual fidelity affected the task performance negatively 
and low visual fidelity improved the task performance for neurotypical individuals. The 
results for visual fidelity aligned with [129] and contradicted with [88, 166]. The reason 
behind this should be the task design in these different studies. High visual fidelity led to 
perceiving the same task as more difficult, finding the defective spots easier, more feeling 
of being limited, more difficulty in concentration, more presence and more motion 
sickness. We can interpret that low visual fidelity leads to better user performance in 
inspection tasks in VR making it easier to focus and perform the task and less motion 
sickness for neurotypical individuals. However, it may degrade the presence and it may 
make the virtual environment seem less detailed and interesting. When interviewed, the 
users stated preference for low visual fidelity since it made the task easier for them. 
However, they stated that low visual fidelity made the virtual environment seem drab and 
less real. 
View zoom did not have an effect on user performance. View zoom did not have an 
effect on any other variable as well, indicating that changing the view zoom may not have 
an effect on user performance and user experience. 
High visual fidelity yielded less accurate estimations for the missed boxes than the 
low visual fidelity. The users tended to underestimate the missed boxes with the high 
visual fidelity condition. We believe that since the environment was more detailed, the 
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users were not aware of the missed boxes with this condition, which aligns with perceiving 
the same task as more difficult with high fidelity. 
Some neurotypical users stated that the conveyor belts were closer to them when 
switching from high visual fidelity to low visual fidelity, although the objects did not move 
between the two conditions. Low visual fidelity also made the environment seem more 
spacious. Some users stated that the conveyor belts moved faster in high visual fidelity 
trials than the trials with low visual fidelity. Hence, in applications that desire to train the 
users in a fast-paced virtual environment, we recommend using high visual fidelity. On 
the contrary, in applications looking for serene virtual environments, low visual fidelity 
may serve better. 
In lights of these results and user comments, we suggest that low visual fidelity 
improves task performance and does not degrade user experience, and can be used for VR 
training tasks for neurotypical individuals with constant information spaces that are 
similar to inspection. In the study, the magnified view did not degrade the performance 
or user experience, but was not preferred by the users. Hence, we recommend not 
resorting to the magnified view unless necessary. 
5.6.2. Individuals with Autism Spectrum Disorder 
This sub-subsection presents the study results for individuals with ASD. Two 
individuals with ASD stated that they were overwhelmed by the moving boxes and felt 
nauseous, and did not complete the task (N = 13). 
5.6.2.1. Quantitative Results 
Two way ANOVA with repeated measures with α = 0.05 and Bonferroni correction 
revealed significant difference for visual fidelity (F(1, 9) = 4.355, p = 0.049) but no 
significant difference for the view zoom (F(1, 9) = 1.569, p = 0.234) for the average score 
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(Figure 5.12). Plot of the means can be seen in Figure 5.13. Paired t-tests results revealed 
significant difference only for high VF - normal view and low VF - normal view pair (t(12) 
= -2.008, p = 0.044). H5 was accepted and H6 was rejected. Real number of missed boxes 
and the estimations (Figure 5.14) were not significantly different for the four conditions. 
 
Figure 5.12 Average score of individuals with ASD for visual fidelity and view zoom. 
 
 
Figure 5.13 Plot of the means of the individuals with ASDs’ scores for visual fidelity and 
view zoom. 
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Figure 5.14 Average number of real and estimated misses for individuals with ASD. 
 
The survey questions had answers on a 5 level Likert (1: not at all, 5: very much). 
Two-way ANOVA with repeated measures with α = 0.05 and Bonferroni correction results 
are presented in Table 5.2 for the difficulty of the task, ease of finding the defective boxes, 
frustration, limitation/restriction, ease of concentration, presence and motion sickness 
aspects. 
Bar charts of the average results are shown in Figure 5.15. The survey results did 
not lead to any statistically significant difference for the four conditions. As we 
interviewed the participants with ASD after the experiment and asked their preferences, 
92% stated preference for high visual fidelity over low visual fidelity and 70% stated 
preference for magnified view over normal view. 
Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix F in the form of SPSS statistics software 
outputs. 
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Table 5.2 Two way ANOVA results for the survey metrics for individuals with ASD. 
 
 df F p 
Difficulty of the Task    
  Visual Fidelity (1, 9) 1.789 0.206 
  View Zoom (1, 9) 1.064 0.323 
Ease of Finding    
  Visual Fidelity (1, 9) 4.518 0.055 
  View Zoom (1, 9) 0.000 1.000 
Frustration    
  Visual Fidelity (1, 9) 0.026 0.874 
  View Zoom (1, 9) 0.372 0.553 
Limitation/Restriction    
  Visual Fidelity (1, 9) 2.679 0.128 
  View Zoom (1, 9) 1.153 0.304 
Ease of Concentration    
  Visual Fidelity (1, 9) 2.512 0.139 
  View Zoom (1, 9) 4.037 0.068 
Presence    
  Visual Fidelity (1, 9) 0.093 0.766 
  View Zoom (1, 9) 0.265 0.616 
Motion Sickness    
  Visual Fidelity (1, 9) 1.392 0.261 
  View Zoom (1, 9) 0.000 1.000 
 
 
Figure 5.15 Average survey scores by individuals with ASD for different conditions of 
visual fidelity and view zoom. 
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5.6.2.2. Qualitative Results 
There were some general comments about the experiment. User 19: “I liked that 
the task was challenging. I liked looking for defects and how quickly the boxes moved.” 
User 22: “I liked the part I have to pick the right ones.” User 25: “Fast, cool. Awesome 
cause it’s like the Wii but more strategy.” User 26: “I liked all of it.” User 27: “I liked 
everything.” User 28: “Because technology is still relatively new, and the things we can do 
now compared to 50 yrs ago is amazing. I liked the technology. Also, I liked that it’s easy 
to identify the brands.” User 30: “Interesting when finding bad boxes.” User 31: “I did like 
seeing and touching the boxes because it was like seeing another world. I like the Doritos 
box, I want to eat it.” 
There were also negative comments about the experiment. User 7: “It was a 
challenge.” User 14: “Felt nauseous. It was too much for me and my stomach. Felt 
nauseous. The training wasn’t bad. The two conveyor belts was too much.” User 22: “I 
started feeling nausea.” User 25: “It’s fast, slowed down would be better.” User 27: “The 
boxes were going too fast & it confused me. 7-up boxes were hard to determine because 
the dots were of similar color to the boxes.” 
Some users with ASD made comments about the low visual fidelity and magnified 
view making it easier to detect the defective boxes. User 24: “It felt a little easier to find 
the boxes [magnified view].” “The shades felt lighter this time to easily see the spots [low 
visual fidelity].” User 29: “I felt that it was easier to discern the defects [with low visual 
fidelity].” “I felt that telling the difference between defective and non-defective boxes was 
hard [with high visual fidelity and normal view].” 
Some users with ASD made comments about low visual fidelity making the 
conveyor belt seem like it was moving faster. User 28: “Seemed like it was going faster 
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[low visual fidelity].” User 27: “The conveyor belt felt a little faster [low visual fidelity].” 
User 24: “The defective spots seemed harder to find but the conveyor belt seemed a little 
slower this time [with high visual fidelity].” 
5.6.2.3. Discussion 
Based on the results, it was found out that low visual fidelity led to better 
performance in terms of average score for individuals with ASD. This result aligns with 
the observations made in [129]. We interpret that it allowed the users to detect the 
defective spots easily, since the graphics were simpler. There was no statistically 
significant difference for the view zoom, however the magnified view led to slightly better 
scores. 
There was no significant difference in the survey results. However, feeling 
restricted/limited was higher for high visual fidelity than low visual fidelity. We interpret 
that since low visual fidelity visuals mostly composed of solid colored textures, it made 
the virtual environment look more spacious whereas the more detailed high visual fidelity 
visuals seemed to take more space and made the users feel more restricted. Concentration 
was higher for the magnified view. We interpret that since the view of the users were more 
limited with the magnified view, it made them concentrate better. High field of view led 
to perception of the task more difficult and more difficult to detect the defects. However, 
since there was no statistical significance in these differences, these results cannot be 
concluded. One concern with the magnified view was motion sickness. Nonetheless, there 
were no difference in terms of motion sickness or presence between the four conditions.  
One of the most anticipated side effects of the magnified view was motion sickness, 
which was not found in the experiment results. Although the magnified view did not lead 
to significantly better results and we do not recommend utilizing it, it should be noted 
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that it did not induce motion sickness in the participants. We should also emphasize that 
the task in this experiment did not include locomotion. Hence, this result should be 
applicable to tasks in which the user does not walk and may not be extendable to the tasks 
that involve locomotion. In applications that aim to restrict the user’s view and help them 
to focus on some specific aspects, magnified view may be resorted. 
In terms of the estimation of the missed boxes, there wasn’t any significant 
difference between the four conditions. The users underestimated the missed boxes in all 
conditions. The most accurate estimations were for the low visual fidelity - normal view 
condition whereas the least accurate estimations were for the high visual fidelity - normal 
view condition. We interpret that since it was easier for the users to detect the defects with 
the low visual fidelity condition, it increased their awareness for the missed boxes as well.  
As they were interviewed for their preferences, most users with ASD stated 
preference for high visual fidelity and magnified view. Preference for high visual fidelity 
contradicted with their performance. The users stated the reasons behind this preference 
as their affinity for high quality graphics, as in high end video games. They stated that the 
environment was more interesting when it was more detailed. They stated that it felt more 
natural and real for them. The participants did not make any statements about their 
performance. We interpret that they might not be aware that high visual fidelity degraded 
their scores. Hence, for applications in which performance of the user is important such 
as training or learning, we recommend using low fidelity visuals. However, in applications 
that aim to attract the user’s attention and keep the users for a long time such as 
rehabilitation applications or games, we recommend using high fidelity visuals. 
For the magnified view preference, the users stated that when everything on the 
display was bigger, it felt better and easier to comprehend for them. We did not find out 
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any significant benefits of using the magnified view. Hence, we recommend using normal 
view. However, in the normal view, some participants complained about the defects being 
too small to be easily spotted, causing slightly tired eyes. Although the defect sizes were 
designed to be easily spotted with in-house testing with many neurotypical users, they 
remained small for our participant’s comfortable use. Hence, we recommend making 
visuals that are important for the context of the VR tasks (such as labels, targets, text and 
signs) bigger for comfortable use of individuals with ASD. 
Some users stated that the conveyor belt was moving faster with the low visual 
fidelity, although the speed was the same for all four conditions. We interpret that the 
underlying reason might be the same with the less feeling of restriction with the low visual 
fidelity. Since the users might have interpreted the virtual environment more spacious 
with the low visual fidelity, they might have thought that the conveyor belt moved faster 
to travel that spacious distance. 
A few users with ASD stated that they didn’t like the dark colored boxes such as 
green because when highlighted they reacted to the overlaying color differently and this 
made the users wonder if they were really highlighted or there were any other things going 
on. Hence, we recommend that using opaque highlight colors resulting in the same 
highlight effect on any colored object instead of using transparent overlay highlights. 
In terms of motion sickness, this experiment was the most uncomfortable one 
among the four experiments performed in this dissertation. Two users stated that they 
didn’t want to complete this experiment. One of the users did not want to participate in 
the upcoming experiments as well. When we interviewed, they stated that they felt 
overwhelmed because of the moving boxes. They stated that they felt like they couldn’t 
keep up with the pace of the task and felt underachieved. 
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To sum up, we recommend using low fidelity visuals for VR applications aiming to 
train the users or teach the users some skills since they lead to better user performance. 
On the other hand, for VR applications that aim for the users to spend long times, hence 
aim to keep their interest, we recommend using high fidelity visuals since majority of our 
participants stated their interest in that. Although we didn’t encounter any additional 
motion sickness problem caused by the magnified view, we didn’t see any positive 
contribution of it to the VR experience either. Hence, we recommend using normal view 
unless there is a specific motivation to choose magnified view. 
5.6.3. Comparison of Neurotypical Individuals and Individuals with 
Autism Spectrum Disorder 
As the scores of the neurotypical participants and the participants with ASD was 
compared, there was statistically significant difference for low visual fidelity - normal 
view and low visual fidelity - magnified view conditions (Figure 5.16). For the high visual 
fidelity, there wasn’t any significant difference in the performance. We can interpret that 
the high visual fidelity condition made the task more difficult for both populations. The 
mean difference for the two populations were smaller for the magnified view. We can 
interpret that magnified view slightly improved the performance of individuals with ASD 
however, did not have the same effect for the neurotypical users. 
As the survey results were explored, it was observed that the average score for the 
feeling of restriction/limitation was higher for the neurotypical participants (2.65) as 
compared with the participants with ASD (2.21). Ease of concentration scores of the 
participants with ASD were higher for the magnified view whereas no such effect was 
observed with the neurotypical participants. 
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As the behaviors of the two populations were explored, the following differences 
were found: With the high visual fidelity condition, neurotypical individuals 
underestimated the missed boxes more whereas estimating the missed boxes accurately 
with the low visual fidelity condition. This effect was not observed with individuals with 
ASD (all four conditions led to similar underestimation). 
Neurotypical individuals stated that the conveyor belt moved faster with the high 
visual fidelity condition. On the contrary, individuals with ASD stated that the conveyor 
belt moved faster with the low visual fidelity condition. The speed of the conveyor belt 
was constant in all four conditions. However, the effect of the conditions on the speed of 
perception was different for the two populations. 
In the interviews, neurotypical individuals favored the normal view whereas 
individuals with ASD favored the magnified view 
 
 
Figure 5.16 Paired t-test results for the scores of neurotypical individuals and individuals 
with ASD in the VR inspection experiment. 
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5.7. Limitations 
The task in this study was focused on inspecting virtual boxes in VR and did not 
involve moving around, which should have a direct effect on the results. These results may 
or may not be applicable for other tasks in VR that have larger information spaces or that 
involve locomotion. This study included high functioning individuals with ASD. The 
results may or may not be applicable for medium or lower parts of the autism spectrum. 
The tasks in this study were focused around training, which are expected to have a direct 
effect on the study results. Hence, the results of the study may or may not be applicable 
for entertainment based games or other task designs in VR. Age of the participants (µ = 
22.73) may be another limitation. The results of the study may not be transferrable to 
children or elderly population. 
5.8. Conclusions 
In this chapter, a VR inspection experiment was presented that investigated effects 
of visual fidelity and view zoom on user experience of high functioning individuals with 
ASD. A user study with 15 neurotypical individuals 15 high functioning individuals with 
ASD was conducted. Results of the study indicated that it would be better to use low visual 
fidelity and normal view zoom in VR training applications targeting high functioning 
individuals with ASD. Future work may include investigating different levels of visual 
fidelity on task performance, and evaluating visual fidelity and view zoom for other task 
designs in VR. 
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ENVIRONMENTAL CLUTTER AND MOTION IN VIRTUAL REALITY 
 
Environmental clutter and motion are important in making virtual environments 
more interesting and closer to real life since the real world environments usually include 
some form of clutter or motion. Total exclusion of clutter and motion may make the 
virtual environment seem drab and dull. On the other hand, these components may affect 
the user performance, making the tasks more difficult for the users. This study aims at 
exploring the effects of clutter and motion on task performance in a virtual reality 
searching experiment. A user study was performed with 15 neurotypical participants and 
15 participants with high functioning ASD. The results indicated that using no clutter and 
no motion in VR training applications targeting individuals with ASD would be better 
design considerations. 
6.1. Note to Reader 
Parts of this chapter was published in proceedings of the Workshop on Fictional 
Game Elements 2016 co-located with the ACM SIGCHI Annual Symposium on Computer-
Human Interaction in Play (CHI PLAY 2016). (Full Reference Information: Lal 
Bozgeyikli, Andrew Raij, Srinivas Katkoori, and Redwan Alqasemi. 2016. Effects of 
Environmental Clutter and Motion on User Performance in Virtual Reality Games. In 
Proceedings of the Workshop on Fictional Game Elements 2016 co-located with the ACM 
SIGCHI Annual Symposium on Computer-Human Interaction in Play (CHI PLAY 2016). 
CEUR Workshop Proceedings. Volume 1715.) Parts of this chapter were also presented at 
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the Doctoral Consortium event of the IEEE Virtual Reality 2016 conference in Greenville, 
SC, USA. Permissions are included in Appendix C. 
6.2. Motivation 
In this chapter, we explored the effects of clutter and motion on user performance 
in a VR searching experiment. The goal of the user was to find as many boxes as the user 
could within a short timeframe. Effects of clutter and movement on task performance in 
VR has not been well studied yet. It might be thought that less clutter and movement may 
simplify the task and lead to better user performance. However, it may also make the 
application too simple and boring, and degrade the quality of training offered by serious 
games. In our discussions with the professional job trainers, they stated that although a 
clutter free and static environment may seem comforting at first glance, users with ASD 
may experience discomfort if the environment seems unnatural to them as compared to 
real life. If clutter and motion detract from task performance, they may be avoided in VR 
training applications. However, if they don’t degrade performance and they provide a 
more natural virtual environment for individuals with ASD, then they would be favored.  
The motivation behind this study is to give insight into future VR systems for more 
effective training. This study tries to emphasize the importance of environmental 
elements in the design of VR systems since these elements may have a direct impact on 
the perceived difficulty of the task, hence the balancing. 
The aim of this experiment three was to explore the effects of environmental clutter 
and motion on user experience of high functioning individuals with ASD. Some previous 
studies made subjective observations that scenes with little clutter [81, 149] and scenes 
without unnecessary dynamism [36, 44] worked well for their participants with ASD. On 
the other hand, some studies also observed that large, colorful and spinning objects 
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attracted the attention of users with ASD and created a positive effect on them because of 
their affinity to various colored, shaped and sized objects [11, 149]. However, these studies 
were not comparative. In this chapter, we present a comparative experiment that aims to 
investigate effects of clutter and motion on user experience of individuals with ASD. 
6.3. Environmental Clutter and Motion Experiment 
A virtual reality searching experiment was designed and implemented to evaluate 
the effects of clutter and motion on user performance. The goal of the user was to find and 
mark the boxes with the matching labels with the one that was shown on the virtual 
display. The boxes were positioned on six virtual shelves surrounding the user (Figure 
6.1). As the user touched a box with their hands, the color of the box changed and got 
highlighted in magenta to provide real time feedback. 
The users could walk on the tracked carpeted area as they would do in real life to 
select the virtual boxes (Figure 6.2). The virtual shelves were placed to fit inside the 
tracked area so that the users didn’t need to step out of the tracked area. If the users 
selected a box unintentionally, they could deselect it by touching again. When deselected, 
the boxes returned to their original color. The labels of the boxes were always facing the 
user so that they did not need to move around the shelves to see the other faces of the 
boxes. 
There was a time limit of 25 seconds that was imposed for exploring effects of 
different conditions on user performance. Each shelf had three levels. Each level of each 
shelf had three boxes and each shelf had twelve boxes in total. 
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Figure 6.1 Layout sketch of the VR searching experiment. 
 
There were four conditions in total (Figure 6.3 and Figure 6.4) in this experiment. 
For clutter, there were two conditions: no-clutter and clutter. For motion, there were also 
two conditions: no-motion and motion. The moving objects in the virtual environment 
were as follows: a forklift, five small fans on the shelves, a big fan on the ceiling, flowing 
text on six displays attached to shelves, three blinking reflectors, two smoking bins and 
two swinging machine arms. 
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Clutter and motion were not only in the background, but also in the workspace. 
The reason for that was the indifference of the users for the background distracters in the 
VR4VR experiment in Chapter 3. In this experiment, effects of distracters inside the 
workspace in the form of clutter and motion was explored, in contrast to the VR4VR 
experiment in which the effects of distracters around the workspace was explored. The 
training session had only one shelf and two kinds of boxes (Figure 6.5) for teaching the 
users the task without overwhelming them. 
 
 
Figure 6.2 VR searching experiment setup. 
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Figure 6.3 No clutter - no motion (top) and no clutter - motion (bottom) conditions of the 
VR searching experiment. Moving objects are represented with transparent frame 
overlays in the bottom part (a forklift, five small fans on the shelves, a big fan on the 
ceiling, flowing text on six displays attached to shelves, three blinking reflectors, two 
smoking bins and two swinging machine arms). 
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Figure 6.4 Clutter - no motion (top) and clutter - motion (bottom) conditions of the VR 
searching experiment. 
 
6.4. Hardware 
A motion tracking system with 12 Opti Track V100R2 FLEX cameras was used for 
tracking the movements of the user. A VR2200 head mounted display (HMD) was worn 
to view the virtual world. The HMD was tracked in real time via markers attached on top 
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so that the view inside the HMD could be rendered according to the head movements. 
The view of the user inside the HMD was also projected on a curtain display for outside 
viewing by the research staff and for camera recording. Users wore hand bands with 
markers for real time hand tracking. The tracked area was 8ft by 8ft but the tasks were 
designed so that the users never needed to step outside of the tracked area. The software 
was implemented with the Unity game engine and worked approximately at 60 frames 
per second. 
 
 
Figure 6.5 Training session of the VR searching experiment. A virtual shelf (left). The 
virtual display (right). 
 
6.5. User Study 
In this subsection, user study design was discussed as follows: experiment design, 
demographics of the participants, research questions and hypothesis, data collection and 
experiment procedure. 
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6.5.1. Experiment Design 
Two by two within subjects experiment was performed with the independent 
variables of clutter and motion. Both independent variables had two levels: no clutter - 
clutter and no motion - motion, making four levels in total. The levels of these two 
variables were varied within subjects in four conditions: no clutter-no motion, clutter-no 
motion, no clutter-motion, and clutter-motion. Each participant completed three 
instances with each condition (12 instances in total). The configurations were assigned to 
each user in a random order with counterbalancing. In each instance, a different box label 
was presented to the users so that no two instances of the total twelve had the same two 
labels. The users needed to find as many boxes with the requested label as they could 
within 25 seconds. This duration was found by in-house testing as the duration in which 
a user familiar with VR could select all of the boxes. We avoided giving the users too much 
time to be able to detect the differences between different conditions. Each trial contained 
10 boxes with the requested label that were distributed roughly evenly among the six 
shelves. The users were not informed on the number of boxes in the scene with the 
requested labels to make them keep searching. Box distributions and the labels were 
assigned randomly to the instances to eliminate any possible learning effect. Experiment 
design sketch is presented in Figure 6.6. 
The score was calculated as follows: Number of hits - number of misses + 
(0.5)*number of corrections. Hits were the boxes that were correctly selected (matching 
with the requested label). Misses were the boxes that were incorrectly selected (not 
matching with the requested label). Corrections were the deselections of the misses. 
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Figure 6.6 Experiment design of the VR searching user study. 
 
6.5.2. Demographics 
15 neurotypical individuals and 15 individuals with high functioning ASD 
participated in the study. All participants with ASD were diagnosed as high functioning 
by their medical practitioners and had an IQ score higher than 70. The participants were 
recruited via e-mail announcements, flyers and word of mouth. A $50 gift card was given 
to the participants as an incentive. 
All 15 neurotypical individuals were undergraduate or graduate university students 
from several different majors. Neurotypical participants were aged between 21 and 33 (µ 
= 25.80, SD = 3.05). Gender distribution of the neurotypical individuals was 5 female and 
10 male. 13 neurotypical participants had no prior virtual reality experience, 2 
neurotypical participants had minimal prior virtual reality experience. 
Individuals with ASD were aged between 18 and 40 (μ = 22.73, SD = 5.38). Gender 
distribution of the individuals with ASD was 4 female and 11 male. 14 individuals with 
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ASD had no prior VR experience, 1 individual with ASD had minimal prior VR experience. 
The user study was conducted under the IRB Pro00013008. 
6.5.3. Hypothesis 
This experiment aims to answer the following research question: What are the 
effects of clutter and motion on user performance of individuals with ASD in virtual 
reality training applications? In the light of this research question, we developed the 
following two hypotheses: 
H7: Clutter will effect user performance of individuals with ASD in VR negatively. 
H8: Motion will effect user performance of individuals with ASD in VR negatively. 
6.5.4. Data Collection 
Automated data was collected for the following: the box distribution, number of 
hits, misses, unintentional touches and corrections with their time logs. After the users 
completed three repetitions of a condition, a survey was given to them that had questions 
on the perceived difficulty of the task, frustration, ease of finding the boxes, distraction, 
feeling of being restricted, ease of concentration, presence and motion sickness as well as 
user comments. 
6.5.5. Procedure 
Participants arrived at the laboratory, read and signed the consent form and filled 
out the demographics questionnaire. The research staff briefly explained the VR 
equipment and the user’s objective in the experiment. The research staff helped the users 
to wear the head mounted display and the hand bands, and a training session began. The 
aim of the training/familiarization session was to make the users comfortable with the 
VR system and the interaction. The familiarization session included one display and one 
shelf with the no clutter - no motion condition. This session ended when the user stated 
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that they were comfortable with the VR system, which took 53 seconds on average. The 
experiment then began. The users were randomly assigned with a condition and then 
presented with three instances of that condition. After the users completed one 
condition’s three instances, they were given a survey. Then, they were assigned with 
another condition and completed three instances with that condition that was followed 
by a survey. After the users completed the four condition’s three instances (12 instances 
in total), the experiment ended and the research staff helped the users to take off the worn 
equipment. The labels, the boxes in the scene and the distribution of the boxes on the 
shelves were assigned randomly for each instance to eliminate any bias and learning 
effect. 
6.6. Results 
In this subsection, results of the user study are presented for neurotypical 
individuals and individuals with ASD as quantitative and qualitative results and 
discussions. AS with the previous experiments, the reason for having neurotypical 
participants as well was to observe any possible differences between them and individuals 
with ASD in using the VR system or performing the searching task. The results for the 
neurotypical individuals were shared only to give insight into the future VR systems 
targeting neurotypical individuals. However, it should be emphasized that the system was 
designed considering the needs of individuals with ASD. 
6.6.1. Neurotypical Individuals 
In this sub-subsection, the results for the neurotypical participants are presented 
as the quantitative results, qualitative results and discussions. All 15 neurotypical 
individuals competed the experiment (N = 15). 
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6.6.1.1. Quantitative Results 
Average scores of the neurotypical individuals for the four conditions are presented 
in Figure 6.7. As we analyzed the data for the effects of conditions on the score using two 
way ANOVA with repeated measures with α = 0.05 and Bonferroni correction; for 
clutter/no-clutter variable there was statistically significant difference (F(1, 11) = 14.259, 
p = 0.002), for motion/no-motion variable there was no statistically significant difference 
(F(1, 11) = 0.177, p = 0.680). As paired t-tests were performed, the results presented in 
Table 6.1 were obtained. Effect of clutter on user performance was statistically significant 
when there was no motion. Plot of the means of the scores for the clutter and the motion 
variables are presented in Figure 6.8. As it can be observed in the figure, the change in 
the clutter variable creates a significant change in the mean score. Presence of clutter 
worsens the score. However, no significant effect of motion on the score was observed. 
 
 
Figure 6.7 Bar charts for the scores of neurotypical individuals for different conditions of 
clutter and motion. 
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Table 6.1 Paired sample t-tests for the scores of neurotypical individuals. 
 
Condition N df t-stat p 
Clutter - Motion, 
No Clutter - Motion 
15 14 -2.027 0.062 
Clutter - No Motion, 
No Clutter - No Motion 
15 14 -3.883 0.002 
Clutter - Motion, 
Clutter - No Motion 
15 14 0.898 0.384 
No Clutter - Motion, 
No Clutter - No Motion 
15 14 -0.370 0.717 
 
 
Figure 6.8 Plot of the means of scores of neurotypical individuals for the clutter and the 
motion variables. 
 
At the end of each condition’s trial of three instances, we asked each user to give a 
score for the following variables: the perceived difficulty of the task, level of frustration, 
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ease of finding the boxes, level of distraction, feeling of being limited (restricted), ease of 
concentration, presence and motion sickness, within a Likert scale of 5 to 1 (5: very much, 
1: not at all). The presence questions were from the Witmer and Singer’s questionnaire 
[163] and the motion sickness questions were from the questionnaire of Gianaros et al. 
[47]. Results of these survey variables are presented in Figure 6.9. Error bars represent 
the standard error of the mean. Two way ANOVA with repeated measures with α = 0.05 
and Bonferroni correction resulted in statistical significance only for the following 
variables: clutter variable for the feeling of being limited (F(1, 11) = 7.977, p = 0.014) and 
clutter variable for the ease of concentration (F(1, 11) = 5.091, p = 0.041). As paired t-tests 
were performed, results in Table 6.2 and Table 6.3 were obtained respectively. For the 
feeling of limitation/restriction, the effect of clutter was statistically significant in both 
the presence and the absence of motion. For the ease of concentration, the effect of clutter 
was statistically significant only for the absence of motion. 
 
 
Figure 6.9 Bar charts for the average scores of the survey variables by neurotypical 
individuals for different conditions of clutter and motion. 
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Table 6.2 Paired sample t-tests for the limitation scores of neurotypical individuals. 
 
Condition N df t-stat p 
Clutter - Motion, 
No Clutter - Motion 
15 14 2.168 0.048 
Clutter - No Motion, 
No Clutter - No Motion 
15 14 2.168 0.048 
Clutter - Motion, 
Clutter - No Motion 
15 14 0.619 0.546 
No Clutter - Motion, 
No Clutter - No Motion 
15 14 0.695 0.499 
 
Table 6.3 Paired sample t-tests for the ease of concentration scores of neurotypical 
individuals. 
 
Condition N df t-stat p 
Clutter - Motion, 
No Clutter - Motion 
15 14 -1.323 0.207 
Clutter - No Motion, 
No Clutter - No Motion 
15 14 -2.168 0.048 
Clutter - Motion, 
Clutter - No Motion 
15 14 -0.323 0.751 
No Clutter - Motion, 
No Clutter - No Motion 
15 14 -1.000 0.334 
 
Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix G in the form of SPSS statistics software 
outputs. 
6.6.1.2. Qualitative Results 
In the surveys, there were open ended questions about what the users liked the 
most and the least about the experiment, and if they had any additional comments or 
suggestions. There were a lot of positive comments about how fun and realistic the VR 
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application was. User 1: “Very realistic. Boxes seemed like they were there.” User 2: “It 
was realistic and easy to find boxes.” User 4: “Felt immersed. Good job! I liked the brand 
choices.” User 6: “What you touch is what you see. Position very accurate.” User 11: “I 
liked how it simulated what you would actually be doing (i.e. turning your head to look at 
the diff. boxes or physically moving to diff. locations).” User 13: “It is fun and interactive. 
Also going against the time makes it challenging.” User 15: “I liked that you could use both 
hands and had to bend up and down to reach the boxes because it felt more realistic. The 
ability to perform a task which required multiple movements (arms, legs) was fun.” User 
17: “I liked the ease of performance.” User 18: “Overall, I thought this was a lot of fun. I 
liked how real it felt and the difficulty of it, like actually having to get closer to the shelves 
in order to select the boxes. I liked the difficulty of trying to select all the boxes in the time 
period.” 
There were also some negative comments about the experiment in general. User 2: 
“A little disoriented with which direction to go and how close you had to be to touch the 
box.” User 4: “Couldn’t tell what peanuts boxes were easily because the label is similar 
color as the box.” User 5: “It’s a little bit hard to judge how far I need to reach out my hand 
to touch the box.” User 6: “Eye feels tired easily.” User 9: “Perhaps the time can be longer. 
” User 10: “I didn’t like the bottom shelf.” User 11: “Between the graphics, headset and 
moving I felt lightheaded and dizzy. Also I couldn’t accurately understand the distance 
my hand needed to go to reach the boxes. Maybe have the background move less when 
the wearer is moving their head.” User 12: “Hard to reach boxes when they’re far even 
though I think they’re within my arm reach.” User 13: “I don’t like bending down to reach 
the bottom shelf.” User 15: “It was easy to select boxes accidentally. This seemed like my 
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virtual proprioception was lacking.” User 20: “The time constraint paired with my 
reluctance in interacting with the virtual world noticeably hampered my performance.” 
Some neurotypical users stated positive comments about the clutter. For the 
clutter - no motion condition, the following comments were made: User 5: “I think this 
one has more decorations on the shelf. I feel this makes it look more real.” User 10: “I 
liked the mess.” User 17: “I liked the extra materials added.” User 18: “I liked how there 
were other things around the room making it more difficult to find the boxes.” For the 
clutter - motion condition, the following positive comments were made: User 2: “I liked 
all the detail.” User 5: “The scene looks very real.” User 20: “The boxes were usually easy 
to spot and the environment seemed like one I would find in the real world.” 
A few users stated negative comments about the distraction caused by the clutter: 
User 1: “Clutter (tools etc.) made the task difficult to focus on the boxes. The distractions 
made the task significantly more difficult.” User 13: “The mess was the most distracting 
thing.” User 18: “I didn’t like how far away I felt from the shelves [with clutter - no 
motion].” The following comments were made for the clutter - motion condition. User 2: 
“More distracted.” User 9: “I feel more confused than before.” User 10: “I got distracted.” 
Many neurotypical users made comments indicating that the task was easier with 
the no clutter - no motion condition. User 12: “Was easier to focus.” User 15: “I was able 
to move faster this time.” Similar comments were made for the no clutter - motion 
condition. User 2: “Easy to spot boxes. I liked the distractions/movements in the 
background.” User 4: “White space made it easier to concentrate.” 
Some neurotypical users made comments indicating that clutter and motion made 
the shelves seem closer. User 1: “Boxes seemed larger and closer. I felt like I had to back 
up to see them. Last session [no clutter - no motion] seemed easier.” User 9: “Perhaps the 
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distance of the left, right and behind [shelves] can be farther than before [clutter - no 
motion].” 
6.6.1.3. Discussion 
The user study results and the statistical analysis indicated that clutter effected 
user performance negatively for the neurotypical individuals. This aligns with the findings 
in [129] and [10]. Clutter also made it significantly difficult for the neurotypical users to 
concentrate. Clutter made the users feel more limited inside the virtual world. In VR 
applications where a feeling of restriction/limitation is desired such as confined places, 
clutter may be utilized. 
No significant effect of motion on the user performance were observed for the 
neurotypical participants. This does not align with the results found in [41]. However, the 
task in [41] was tracking the particles by constantly watching and estimating their velocity 
changes. The task in our study was searching, which may be the reason behind this 
difference. Also, the medium of [41] was augmented reality, which may be another 
contributing factor for the difference in the results. 
A few neurotypical users stated that they perceived that the shelves were farther 
away in the conditions with no-clutter. Although the layout was the same between all four 
conditions, lack of clutter made the virtual environment seem larger. This might be 
incorporated into the design when the virtual scene is desired to look spacious. 
In the light of these results, having no clutter in VR applications would yield to 
better performance for neurotypical individuals. Motion could be optional in such 
applications since no effect of it was observed on the performance. To add richness to the 
applications, motion can be induced. 
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6.6.2. Individuals with Autism Spectrum Disorder 
In this sub-subsection, the results for individuals with ASD are presented in terms 
of quantitative results, qualitative results and discussion. One individual with ASD did 
not participate in this experiment since they were nauseous (N = 14). 
6.6.2.1. Quantitative Results 
As we analyzed the average score data for individuals with ASD (Figure 6.10), two 
way ANOVA with repeated measures with α = 0.05 and Bonferroni correction revealed 
significant difference for clutter (F(1, 10) = 7.404, p = 0.017) but no significant difference 
for motion (F(1, 10) = 1.092, p = 0.146). Plot of the means of the score is presented in 
Figure 6.11. Paired t-tests results revealed significant difference only for the clutter - no 
motion and no clutter - no motion pair (t(13) = -1.881, p = 0.042). In the light of the 
results, H7 was accepted, H8 was rejected. 
 
 
Figure 6.10 Average scores of individuals with ASD for different conditions of clutter and 
motion. 
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Survey questions had answers on a 5 level Likert (1: not at all, 5: very much). 
Average results are presented in Figure 6.12 and two-way ANOVA with repeated measures 
with α = 0.05 and Bonferroni correction results are presented in Table 6.4. The only 
statistical significance was found for the clutter’s perceived difficulty of the task and the 
frustration aspects for the participants with ASD. Paired t-tests results revealed 
significant difference only for clutter - no motion and no clutter - no motion pair for the 
difficulty of the task (t(13) = 2.511, p = 0.026). As we asked the users with ASD their 
preferences for different levels of the variables, 79% stated preference for clutter over no 
clutter and 86% stated preference for no motion over motion. 
 
Figure 6.11 Plot of the means of scores of individuals with ASD for the clutter and the 
motion variables. 
 
178 
 
Figure 6.12 Average survey scores by individuals with ASD for different conditions of 
clutter and motion. 
 
Table 6.4 Two-way ANOVA of the survey results by individuals with ASD for different 
conditions of clutter and motion. 
 
 df F p 
Difficulty of the Task    
  Clutter (1, 10) 6.121 0.028 
  Motion (1, 10) 0.049 0.828 
Ease of Finding    
  Clutter (1, 10) 1.918 0.189 
  Motion (1, 10) 0.032 0.861 
Frustration    
  Clutter (1, 10) 6.707 0.022 
  Motion (1, 10) 0.044 0.836 
Limitation/Restriction    
  Clutter (1, 10) 0.292 0.598 
  Motion (1, 10) 0.000 1.000 
Distraction    
  Clutter (1, 10) 3.059 0.104 
  Motion (1, 10) 0.317 0.583 
Ease of Concentration    
  Clutter (1, 10) 0.317 0.583 
  Motion (1, 10) 1.368 0.263 
Presence    
  Clutter (1, 10) 0.000 1.000 
  Motion (1, 10) 1.000 0.336 
Motion Sickness    
  Clutter (1, 10) 0.154 0.701 
  Motion (1, 10) 0.012 0.915 
1
2
3
4
5
Clutter-Motion Clutter-NoMotion NoClutter-Motion NoClutter-NoMotion
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Detailed results of the statistical analysis for the results of neurotypical individuals 
for this experiment are reported in Appendix G in the form of SPSS statistics software 
outputs. 
6.6.2.2. Qualitative Results 
Most users with ASD made positive comments about the experiment in general. 
User 7: “Very fun.” User 8: “The brisk speed makes it feel like a game. Real walking pulls 
me right into it all.” User 14: “I liked touching the boxes.” User 22: “It was very 
interesting.” User 24: “The VR system made me feel like I was actually at a warehouse. It 
was easy to find where the labels were at.” User 25: “Fast and simple. Every game should 
be like this. It was very exciting and a lot of concentration. You’re pretty much exercising 
& also working at the same time.” User 26: “I like that all you had to do was put your hand 
on the box. I liked all of it.” User 27: “It was fun.” User 28: “I liked the familiar logos. “I 
liked how accurate the labels are.” User 30: “It was fun, learning how to control this and 
getting used to. There was nothing that I don’t like.” User 31: “I like seeing and touching 
boxes. I like the Cheetos because it is very tasty.” 
Many users with ASD complained about the time limit. User 8: “Accidental 
selections waste what little time I have.” User 14: “I didn’t like that I had little time.” User 
25: “It went a little fast I was comfortable but not with myself I’m like that sometimes.” 
User 26: “I didn’t like the time limit.” User 27: “There was not enough time.” User 28: “It 
was too fast.” User 29: “I didn’t like the fact that it was on a timer. I’m the type of person 
who wants to make sure that everything is checked.” 
There were a few negative comments about other aspects. User 14: “The noises 
were annoying but realistic.” User 23: “Maybe you can move the shelves a little bit closer 
to the worker.” User 28: “Hard to see the labels farther away or below me.” 
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Some users with ASD stated that it was easier to find the boxes without clutter; 
however, clutter made the virtual environment seem more realistic. User 7: “Clutter made 
me feel like at home and feel better.” User 24: “It was easy to find the boxes but it seemed 
almost less like a warehouse than from the previous sessions with no clutter or motion. 
Although empty environment felt more organized, I’d feel more comfortable in a crowded 
environment like in real life.” User 25: “Although it adds a challenge, clutter was more 
realistic and more comfortable to have.” User 26: “I liked the graphics. Graphics of clutter 
made the game look better. They are better than most games I’ve played.” User 28: “Easier 
to see the boxes without clutter. When it was hard for me to read the labels for some of 
them, it made the task more frustrating.” User 29: “Clutter was more interesting in a non-
distracting way.” User 30: “Extra objects felt more comfortable due to personal 
preference.” User 31: “I like seeing other stuff.” 
For the motion condition, some users with ASD made comments indicating that 
motion made it more difficult to find the boxes. User 19: “Movement made me nauseous.” 
User 25: “Movement detracted a bit. Annoying. More difficult to focus.” User 25: “More 
difficult to concentrate when there was motion.” User 29: “Easier to focus when no 
moving objects.” User 31: “Moving things divided my attention.” 
6.6.2.3. Discussion 
Significant difference was found in the score of the participants with ASD for 
clutter (higher scores for no clutter). This aligns with the observations made in [44]. We 
interpret that clutter made it more difficult for the users to find the boxes. This finding is 
in parallel with the results of the high visual fidelity condition in experiment two. Clutter 
might have made the environment more detailed and made it more difficult for the 
participants to focus on the task, leading to lower scores. There wasn’t any significant 
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difference for the motion variable. This contradicts with the observations made in [29, 
44, 102]. However, no motion condition led to slightly higher scores for individuals with 
ASD. For the survey results, there was statistically significant difference for the perceived 
difficulty of the task (more difficult for the clutter condition) and the level of frustration 
(more for clutter). Although not statistically significant, clutter led to more distraction 
and more difficulty in finding the boxes, aligning with the score based performance 
results. No difference was observed in terms of presence or motion sickness. 
As they were asked for their preference, most participants stated preference for 
clutter and no motion. The participants stated that clutter made the virtual environment 
more familiar for them. They stated that they liked clutter in their daily lives (not mess 
but organized clutter leading to more details and different objects in the environment). 
Hence, they stated that clutter made them feel like home and made the VR application 
more interesting in a non-distracting way. They stated that additional objects in the 
clutter condition made the virtual environment more interesting for them and they 
mentioned that they felt more comfortable in environments resembling their real life 
preferences. These statements contradicted with the scores of the users. Presence of 
clutter made their scores significantly lower. We interpret that these results are in 
alignment with the VR inspection experiment in Chapter 5. Clutter made the virtual 
environment more interesting and richer for the users however degraded their 
performance. Hence, we recommend using no clutter in VR applications aiming at 
teaching or training individuals with ASD. However, additional objects may be utilized in 
games or rehabilitation applications to make the virtual environment more interesting for 
individuals with ASD and retain their attention. 
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The participants stated preference for no motion. They stated that motion 
distracted them and they felt like their focus was divided by the moving objects around. 
We observed that some users stopped for a while and watched the smoke particles or read 
the flowing text in the scene. Although no significant effect of motion was observed in the 
score, majority of the participants stated preference over no motion on the virtual 
environment. Hence, we recommend not using too many simultaneously moving objects 
in the VR applications targeting individuals with ASD. 
Many users with ASD made negative comments about the time limit in this 
experiment. They stated that they felt like the time was too short to select all the boxes 
and that made them upset. Although they weren’t informed about the number of boxes in 
the scene, we interpret that they might have seen some of the other available boxes and 
couldn’t select all of them due to the time limit. We observed that this made the 
participants discouraged. Although task design was not the scope of this study, we should 
note that tasks in which the users feel themselves underachieved might be avoided when 
possible for individuals with ASD. As an example, a modification of the box finding task 
so that boxes appeared one by one as the user selected a box successfully might be a 
modification that would discourage the users less. 
Many users with ASD made positive comments about the familiar labels in this 
experiment (some for the experiment in Chapter 5 as well). They stated that it was easier 
to find the boxes if they knew the labels from real life and they felt better and more 
comfortable when presented with familiar labels. Although not measured statistically in 
our study, it might be a good design practice to incorporate common found real life visuals 
or objects into VR applications to make users with ASD feel more connected and 
comfortable. 
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We observed that some participants with ASD counted the boxes they found in the 
trial instances experiment three and they made positive statements when they though 
that they beat their own score. Hence, incorporating means for score tracking or letting 
the users know when they improved might be encouraging for individuals with ASD. 
Some users with ASD got confused by the previous labels they were presented with. 
For example, if they had presented with a Nutella label in the previous instance and they 
were presented with a Cotonelle label in the current instance, some users selected the 
Cotonelle boxes correctly for a while and switched back to selecting the previous 
instance’s Nutella boxes. Hence, it might be a good practice to have the objective always 
visible to users with ASD as on screen overlays that would be visible anytime. 
6.6.3. Comparison of Neurotypical Individuals and Individuals with 
Autism Spectrum Disorder 
As the scores of the neurotypical participants and the participants with high 
functioning ASD were compared with paired t-tests, there was statistically significant 
difference for all four conditions (Figure 6.13). We interpret that the neurotypical 
individuals were faster in finding the boxes whereas individuals with ASD was slower. 
In the surveys, neurotypical individuals gave higher scores for the perceived 
difficulty of the task on average (2.50) than individuals with ASD (2.12). Neurotypical 
individuals also gave higher presence scores on average (3.62) than individuals with ASD 
(2.98). Clutter made the neurotypical individuals more limited/restricted and made it 
more difficult to concentrate whereas no such effect was observed with the participants 
with ASD. 
As the behaviors of the two populations were compared, the following differences 
were found: Neurotypical individuals stated that the shelves were farther away when 
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there was no clutter although the shelve positions were the same for the four conditions. 
No such effect was observed with the individuals with ASD. Individuals with ASD stated 
that clutter made them more comfortable in the virtual environment and made them feel 
more connected. No such explanations were made by the neurotypical participants 
although there were a few user comments stating that the additional objects made the 
scene richer. The time limit made the participants with ASD feel pressure whereas no such 
effect was observed with neurotypical individuals. Some individuals with ASD were 
confused about the searched label and sometimes switched back to searching for the label 
presented in the previous instance. No such effect was observed with the neurotypical 
individuals. It was observed that individuals with ASD were more interested in how many 
boxes they found and more motivated to beat their own score as compared with the 
neurotypical participants. 
 
 
Figure 6.13 Paired t-test results for the scores of neurotypical individuals and individuals 
with ASD for the VR searching experiment. 
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As a final consideration, we would like to emphasize that in all four experiments in 
this dissertation, we observed that the participants with ASD were highly motivated to get 
involved with the technology and were happy about using the virtual reality system. 
Although this was a positive aspect, we think that this may have created some bias in 
giving positive scores in the surveys. Even when the participants with ASD were frustrated 
about some aspect, they did not give low scores for that aspect in the surveys. Hence, in 
our user studies, the interviews were very valuable in understanding user preference. 
Especially comparative questions such as “Which of the two would you prefer?” yielded 
more meaningful results. With the scoring approach on the other hand, the users tended 
to give similar scores for the same aspect for different conditions. An example would be 
the question “Please score the ease of finding the boxes for the four conditions: clutter - 
no motion, clutter - motion, no clutter - no motion and no clutter - motion conditions.” 
The answers given to this question by the participants with ASD was usually the same or 
very similar for the four conditions in our user studies. On the other hand, when the 
question was asked as “Please rate the ease of finding the boxes for the four conditions 
from the easiest to the most difficult: clutter - no motion, clutter - motion, no clutter - no 
motion and no clutter - motion.” the participants were more likely to compare the 
methods and give different scores reflecting their preference. 
6.7. Limitations 
This study included high functioning individuals with ASD. The results may or may 
not be applicable for medium or lower parts of the autism spectrum. This experiment 
included a VR searching training task, which is expected to have a direct effect on the 
results. Hence, the results of the study may or may not be applicable for entertainment 
based games or other task designs in VR. Complexity of the task design is also expected 
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to have an effect on the results. Age of the participants (µ = 22.73) may be another 
limitation. The results of the study may not be transferrable to children or elderly 
population. 
6.8. Conclusions 
In this chapter, a virtual reality experiment was presented that aimed to explore 
the effects of environmental clutter and motion on user experience of individuals with 
ASD. A user study with 15 high functioning individuals with ASD was conducted. The 
results of the user study indicated that using no clutter and no motion in training 
applications targeting high functioning individuals with ASD would be a better design 
principle. 
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CONCLUSIONS AND FUTURE WORK 
 
In this dissertation, effects of virtual reality properties on user experience of high 
functioning individuals with ASD was investigated. Four virtual reality experiments were 
designed and implemented. User studies were performed with high functioning 
individuals with ASD and neurotypical individuals. Several design guidelines were 
compiled based on the statistical analysis of the user study results, interviews with the 
participants and observations made throughout the user study sessions. These design 
considerations can be seen in Appendix H. The design guidelines were classified based on 
a hierarchy from Level 1 to Level 3. Level 1 represents the most general hierarchy level 
meaning that the guideline could be applied to any virtual reality application targeting 
individuals with ASD. Level 2 represents the middle hierarchy level between general and 
specific meaning that the guideline can be only applied to virtual reality applications that 
aim to train individuals with ASD on some skills. Level 3 represents the most specific 
hierarchy level meaning that the guideline can only be applied to specific aspects of some 
virtual reality applications that aim to train individuals with ASD on specific skills. The 
major findings of the user studies were as follows: Virtual reality training provided 
improvement for the vocational skills of high functioning individuals with ASD. Virtual 
background distracters in the form of motion and audio did not affect the performance of 
the participants significantly. Using animated instructions and avoiding verbal 
instructions in VR training applications was recommended for high functioning 
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individuals with ASD. Low visual fidelity and normal view zoom would be better design 
considerations in VR training applications targeting high functioning individuals with 
ASD. Using no clutter and no motion in virtual workspaces of the VR training applications 
targeting high functioning individuals with ASD would provide better user experience. 
Based on the results of the four experiments, we observed that the preferences of 
individuals with ASD did not align with their performance scores. As an example, they 
stated preference for clutter whereas clutter significantly worsened their performance 
scores. It emphasizes the need for more comparative studies to find out how to better 
cater for the needs of this special population in virtual reality. 
The future exploration areas may include the following: Using a new generation 
immersive HMD, developing a more comprehensive social skills training module, and 
developing mobile modules for training from home for the VR4VR system. Exploring the 
effects of instruction methods in terms of cognitive load, exploring other forms of 
instruction methods such as video, investigating effects of level of complexity in 
instruction methods such as length of written instructions and number of steps in 
pictographs, and evaluating effects of instruction methods on user performance for 
complex tasks for the instruction methods experiment. 
Evaluating different levels of the VR properties such as no clutter, low clutter, 
moderate clutter, and major clutter, evaluating other VR properties on user performance 
in VR applications, and exploring effects of more VR properties for individuals with ASD 
with different task designs for the inspection and searching experiments. 
Investigating other possible areas for designing effective VR experiences for 
individuals with ASD such as perception of immersion and task complexity, and exploring 
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effects of VR properties on medium and low functioning individuals with ASD would also 
be future work directions. 
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APPENDIX A 
TABLE OF STUDIES ON VIRTUAL REALITY TRAINING FOR INDIVIDUALS WITH ASD 
 
Table A.1 Summary of the previous studies on virtual reality training applications for individuals with ASD. 
 
Reference Skill VR System 
Tutorial 
Method 
Visual 
Fidelity Clutter Motion Tasks 
Point of 
View Avatar 
Target 
Audience Participants Contributions/Results 
[137] Fire and 
Tornado 
Safety 
Computer Human 
Tutorial 
No Info No Info No Info Navigation 
and clicking 
on doors 
No Info No Info Children 8 ASD VR training worked as 
effective as real world 
training and provided faster 
learning. 
[73] Safe Street-
Crossing 
Computer Human 
Tutorial 
Low Middle Middle Rotating the 
screen and 
moving 
forward 
3rd 
Person 
Yes Children 6 ASD 
6 Neurotypical 
VR training enabled 
participants with ASD learn 
safe street crossing skills. 
Skills transferred to real life 
for half of the participants 
with ASD. 
[95] Fear and 
Phobia 
Overcoming 
360 degrees 
CAVE 
Environment 
No Tutorial High Middle High No 
interaction 
for the 
participant, 
instructor 
controlling 
1st 
Person 
No Children 9 ASD Participants were able to 
tackle their phobia after 
using the system. Provided 
evidence that VR and 
Cognitive Behavior Therapy 
can be used as a treatment 
tool for overcoming phobia. 
[28] Social Head 
Mounted 
Display and 
Computer 
Human 
Tutorial 
Middle Low Middle Minimal 
interaction 
(dragging 
coins into 
box, 
selecting 
answers) 
1st 
Person 
No Children 3 ASD Improvement in social 
behaviors of the 
participants. Results 
suggest that the VR system 
is promising as a training 
environment for social 
skills. 
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Table A.1 (Continued) 
Reference Skill VR System 
Tutorial 
Method 
Visual 
Fidelity Clutter Motion Tasks 
Point of 
View Avatar 
Target 
Audience Participants Contributions/Results 
[156] Driving Computer Animated 
Tutorial with 
Audio 
Explanation 
Middle High High Realistic car 
driving 
interaction 
(with 
steering 
wheel, 
pedals and 
gears) 
1st 
Person 
No Adolescent
s 
4 ASD 
4 Neurotypical 
A custom VR driving 
training system that can 
understand various 
performance measures in 
real time such as level of 
anxiety and gaze direction. 
Results indicated 
differences in performance 
and behaviors in 
neurotypical and ASD 
participants. 
[145] Job 
Interview 
Computer Human 
Tutorial 
Middle Low Low Talking and 
selecting 
among 
options 
1st 
Person 
No Adults 26 ASD The VR system was proven 
to be an effective tool for 
improving job interview 
skills of individuals with 
ASD. Participants who used 
the VR system showed more 
improvement than 
traditionally trained 
participants. 
[39] Social Computer No tutorial Middle Middle High Selecting 
among 
options 
1st 
Person 
No Adolescent
s 
A small group 
of adolescents 
(number not 
indicated) 
The system did not support 
active participation of the 
user. Heavily based on 
verbal and written 
statements. No user study 
was conducted. 
[63] Imagination Computer 
with Touch 
screen 
Human 
Tutorial 
Middle Middle Middle Selecting 
among 
options 
1st 
Person 
No Children 2 ASD Pretending and imaginative 
abilities of the participants 
were advanced after using 
the VR system. 
[26] Everyday Computer Human 
Tutorial 
High Low Low In low 
functioning 
mode: only 
selection 
In high 
functioning 
mode: 
navigation 
and 
interaction 
with objects 
1st 
Person 
No Children 20 ASD Formative pilot studies 
suggested that the system 
would be useful in training 
everyday tasks. No data of 
the pilot study was shared 
and no follow up evaluative 
user study was conducted. 
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Table A.1 (Continued) 
Reference Skill VR System 
Tutorial 
Method 
Visual 
Fidelity Clutter Motion Tasks 
Point of 
View Avatar 
Target 
Audience Participants Contributions/Results 
[29] Social Computer Human 
Tutorial and 
Virtual 
Avatar 
Tutorial 
Middle Middle Middle Answering 
questions, 
making 
selections, 
communicati
ng written 
and verbally 
3rd 
Person 
Yes Children 3 ASD Improvement in reciprocal 
social behaviors of the 
participants was observed. 
[85] Social Computer Virtual 
Avatar 
Tutorial 
Middle Middle Low Selecting 
among 
options 
1st 
Person 
No Adolescent
s 
8 ASD Promising results in terms 
of providing improvement 
in social skills of 
participants with a 
customized adaptive VR 
training system. The 
addition of gaze tracking 
based adaptation on top of 
performance metrics based 
adaptation provided better 
training. 
[96] Social CAVE 
Projection (on 
walls, ceiling 
and floor of a 
room) with 
3D Glasses 
Human 
Tutorial 
Middle Low Middle Navigation 
and 
interaction 
with virtual 
objects 
1st 
Person 
Only 
Hands 
Children 12 Neurotypical Participants were able to 
use the system and showed 
improvement in social 
situation handling skills. No 
user study with individuals 
with ASD was performed. 
[93] Social and 
Executive 
Decision 
Making 
Projection on 
an L shaped 
display (front 
face and floor 
faces) with 3D 
Glasses 
Virtual 
Avatar 
Tutorial 
Middle Middle Middle Talking with 
virtual 
avatars, 
manipulatin
g and 
interacting 
with virtual 
objects 
1st 
Person 
No Children 20 ASD Improvement in social skills 
and executive functions of 
the participants was 
reported. Transfer of 
learned skills to classroom 
was observed. 
[86] Everyday Computer Pictographs 
and Audio 
Explanation 
Low Middle Low Simple 
navigation 
and 
interaction 
with virtual 
objects 
1st 
Person 
No Children Some students 
(number not 
indicated) 
Teachers found the 
application useful. 
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Table A.1 (Continued) 
Reference Skill VR System 
Tutorial 
Method 
Visual 
Fidelity Clutter Motion Tasks 
Point of 
View Avatar 
Target 
Audience Participants Contributions/Results 
[106] Social Computer Human 
Tutorial 
Low Graduall
y 
increasin
g from 
low to 
high 
Gradually 
increasing 
from low 
to high 
Simple 
navigation 
and 
interaction 
with virtual 
objects 
1st 
Person 
No Adolescent
s 
7 ASD Improvement in social skills 
of the participants was 
reported. 
[74] Social Computer Virtual 
Avatar 
Tutorial 
High Middle Middle Navigation, 
talking with 
virtual 
avatars and 
interaction 
with  virtual 
objects 
3rd 
person 
Yes Young 
adults 
8 ASD Improvement in social and 
occupational functioning of 
the participants was 
reported. 
[75] Social Computer Virtual 
Avatar 
Tutorial 
Middle High High Navigation, 
talking with 
virtual 
avatars and 
interaction 
with  virtual 
objects 
3rd 
person 
Yes Children 4 ASD Improvement in interaction 
and communication 
performance of the 
participants was reported. 
Observations on design 
considerations were shared. 
[148] Safe Street-
Crossing 
Head 
Mounted 
Display and 
Computer 
Human 
Tutorial 
Low Low Low Observing 
the objects 
and simple 
navigation 
1st 
Person 
No Children 2 ASD Acceptance of VR was 
noticed. Indications of 
immersion and 
generalization of learned 
skills were observed. 
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APPENDIX B 
TABLE OF OBSERVATION BASED DESIGN CONSIDERATIONS IN THE LITERATURE 
 
Table B.1 Summary of design considerations with three or more references. 
 
Design Consideration Category References 
Using animated non-human virtual characters as tutors for children Information Presentation [126], [149], [81], [39], [53] 
Avoiding sudden loud sounds Information Presentation [49], [36], [155], [65] 
Using simplified interfaces and graphics Information Presentation [81], [121], [119], [40] 
Using 3D animations to attract attention and increase motivation Information Presentation [86], [29], [81], [157] 
Using  color, shape or movement to attract attention Information Presentation [36], [149], [11], [44] 
Presenting clutter free scenes Information Presentation [149], [81], [134] 
Providing clear foreground background differentiation Information Presentation [81], [134], [123] 
Providing structure and routine in training Task Design [35], [49], [36], [155], [102], [11], [81], [5] 
Following an inclusive design with children, parents and other parties Task Design [76], [157], [134], [44], [101], [118], [43] 
Making the users feel in control Task Design [49], [155], [76], [149] 
Utilizing the ability for attention to detail and visual memory Task Design [35], [49], [155], [11]  
Providing real time positive feedback Task Design [86], [36], [81], [118] 
Designing real and meaningful experiences with a link to real world Task Design [35], [149], [81], [77] 
Utilizing a rewarding mechanism of sensory elements Task Design [155], [44], [5], [103] 
Allowing for repetition in practicing the learned tasks Task Design [110], [36], [102], [11] 
Allowing the users to customize the virtual world Task Design [76], [75], [101] 
Utilizing gradual increase of difficulty Task Design [110], [149], [77] 
Designing short training sessions with breaks Task Design [36], [11], [77] 
Using simple and intuitive controlling inputs with a few buttons VR System [86], [126], [36], [149], [77], [100] 
Using less tiring input devices VR System [36], [134], [77] 
Offering variety in tasks, information presentation and interactions VR System [81], [5], [77] 
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APPENDIX C 
COPYRIGHT PERMISSIONS 
Below is the permission for the use of material in Chapter 3. 
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APPENDIX D 
VISUALS OF THE INSTRUCTION METHODS EXPERIMENT 
 
 
Figure D.1 Task 1 of the instruction methods experiment. Putting all of the Peanuts boxes 
on the inspection area. 
 
 
Figure D.2 Task 2 of the instruction methods experiment. Sorting the products on the 
inspection area according to their apparel size labels from smallest to largest. 
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Figure D.3 Task 3 of the instruction methods experiment. Placing the boxes according to 
the color in the quality control area. 
 
 
Figure D.4 Task 4 of the instruction methods experiment. Rotating the boxes so that their 
barcodes are facing towards the participant. 
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Figure D.5 Task 5 of the instruction methods experiment. Putting the cookware boxes on 
the regular QC area. 
 
 
Figure D.6 Task 6 of the instruction methods experiment. Sorting the ingredients on the 
Counter in this order: butter, eggs, and sugar. 
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Figure D.7 Task 7 of the instruction methods experiment. Rotating the boxes so that their 
Expiration Dates are facing towards the participant. 
 
 
Figure D.8 Task 8 of the instruction methods experiment. Sorting the products on shelf 1 
according to their prices from lowest to highest. 
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Figure D.9 Pictograph instructions of task 1 (left) and task 2 (right) of the instruction 
methods experiment. 
 
  
Figure D.10 Pictograph instructions of task 3 (left) and task 4 (right) of the instruction 
methods experiment. 
 
  
Figure D.11 Pictograph instructions of task 5 (left) and task 6 (right) of the instruction 
methods experiment. 
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Figure D.12 Pictograph instructions of task 7 (left) and task 8 (right) of the instruction 
methods experiment. 
 
  
Figure D.13 Written instructions of task 1 (left) and task 2 (right) of the instruction 
methods experiment. 
 
  
Figure D.14 Written instructions of task 3 (left) and task 4 (right) of the instruction 
methods experiment. 
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Figure D.15 Written instructions of task 5 (left) and task 6 (right) of the instruction 
methods experiment. 
 
  
Figure D.16 Written instructions of task 7 (left) and task 8 (right) of the instruction 
methods experiment. 
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APPENDIX E 
STATISTICAL ANALYSIS OUTPUTS FOR THE INSTRUCTION METHODS 
EXPERIMENT 
 
 
Figure E.1 SPSS analysis outputs for success percentage of neurotypical individuals in the 
instruction methods experiment (part 1). 
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Figure E.2 SPSS analysis outputs for success percentage of neurotypical individuals in the 
instruction methods experiment (part 2). 
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Figure E.3 SPSS analysis outputs for success percentage of neurotypical individuals in the 
instruction methods experiment (part 3). 
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Figure E.4 SPSS analysis outputs for the ease of understanding scores of neurotypical 
individuals in the instruction methods experiment (part 1). 
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Figure E.5 SPSS analysis outputs for the ease of understanding scores of neurotypical 
individuals in the instruction methods experiment (part 2). 
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Figure E.6 SPSS analysis outputs for the ease of understanding scores of neurotypical 
individuals in the instruction methods experiment (part 3). 
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Figure E.7 SPSS analysis outputs for the frustration scores of neurotypical individuals in 
the instruction methods experiment (part 1). 
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Figure E.8 SPSS analysis outputs for the frustration scores of neurotypical individuals in 
the instruction methods experiment (part 2). 
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Figure E.9 SPSS analysis outputs for the frustration scores of neurotypical individuals in 
the instruction methods experiment (part 3). 
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Figure E.10 SPSS analysis outputs for the preference ranking scores of neurotypical 
individuals in the instruction methods experiment (part 1). 
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Figure E.11 SPSS analysis outputs for the preference ranking scores of neurotypical 
individuals in the instruction methods experiment (part 2). 
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Figure E.12 SPSS analysis outputs for the preference ranking scores of neurotypical 
individuals in the instruction methods experiment (part 3). 
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Figure E.13 SPSS analysis outputs for success percentage of individuals with ASD in the 
instruction methods experiment (part 1). 
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Figure E.14 SPSS analysis outputs for success percentage of individuals with ASD in the 
instruction methods experiment (part 2). 
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Figure E.15 SPSS analysis outputs for success percentage of individuals with ASD in the 
instruction methods experiment (part 3). 
 
238 
 
Figure E.16 SPSS analysis outputs for the ease of understanding scores of individuals with 
ASD in the instruction methods experiment (part 1). 
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Figure E.17 SPSS analysis outputs for the ease of understanding scores of individuals with 
ASD in the instruction methods experiment (part 2). 
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Figure E.18 SPSS analysis outputs for the ease of understanding scores of individuals with 
ASD in the instruction methods experiment (part 3). 
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Figure E.19 SPSS analysis outputs for the frustration scores of individuals with ASD in 
the instruction methods experiment (part 1). 
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Figure E.20 SPSS analysis outputs for the frustration scores of individuals with ASD in 
the instruction methods experiment (part 2). 
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Figure E.21 SPSS analysis outputs for the frustration scores of individuals with ASD in 
the instruction methods experiment (part 3). 
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Figure E.22 SPSS analysis outputs for the preference ranking scores of individuals with 
ASD in the instruction methods experiment (part 1). 
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Figure E.23 SPSS analysis outputs for the preference ranking scores of individuals with 
ASD in the instruction methods experiment (part 2). 
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Figure E.24 SPSS analysis outputs for the preference ranking scores of individuals with 
ASD in the instruction methods experiment (part 3). 
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APPENDIX F 
STATISTICAL ANALYSIS OUTPUTS FOR THE INSPECTION EXPERIMENT 
 
  
Figure F.1 SPSS analysis outputs for the two-way ANOVA for the scores of neurotypical 
individuals in the inspection experiment. 
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Figure F.2 SPSS analysis outputs for the paired t-tests for the scores of neurotypical 
individuals in the inspection experiment. 
 
 
Figure F.3 SPSS analysis outputs for the two-way ANOVA for the perceived difficulty of 
the task scores of neurotypical individuals in the inspection experiment. 
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Figure F.4 SPSS analysis outputs for the paired t-tests for the perceived difficulty of the 
task scores of neurotypical individuals in the inspection experiment. 
 
 
Figure F.5 SPSS analysis outputs for the two-way ANOVA for the ease of concentration 
scores of neurotypical individuals in the inspection experiment. 
 
250 
 
Figure F.6 SPSS analysis outputs for the paired t-tests for the ease of concentration scores 
of neurotypical individuals in the inspection experiment. 
 
 
Figure F.7 SPSS analysis outputs for the two-way ANOVA for the ease of finding the 
defects scores of neurotypical individuals in the inspection experiment. 
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Figure F.8 SPSS analysis outputs for the paired t-tests for the ease of finding the defects 
scores of neurotypical individuals in the inspection experiment. 
 
 
Figure F.9 SPSS analysis outputs for the two-way ANOVA for the frustration scores of 
neurotypical individuals in the inspection experiment. 
 
252 
 
Figure F.10 SPSS analysis outputs for the two-way ANOVA for the limitation scores of 
neurotypical individuals in the inspection experiment. 
 
 
Figure F.11 SPSS analysis outputs for the paired t-tests for the limitation scores of 
neurotypical individuals in the inspection experiment. 
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Figure F.12 SPSS analysis outputs for the two-way ANOVA for the motion sickness scores 
of neurotypical individuals in the inspection experiment. 
 
 
Figure F.13 SPSS analysis outputs for the paired t-tests for the motion sickness scores of 
neurotypical individuals in the inspection experiment. 
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Figure F.14 SPSS analysis outputs for the two-way ANOVA for the presence scores of 
neurotypical individuals in the inspection experiment. 
 
 
Figure F.15 SPSS analysis outputs for the paired t-tests for the presence scores of 
neurotypical individuals in the inspection experiment. 
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Figure F.16 SPSS analysis outputs for the two-way ANOVA for the scores of individuals 
with ASD in the inspection experiment. 
 
 
Figure F.17 SPSS analysis outputs for the paired t-test for the scores of individuals with 
ASD in the inspection experiment. 
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Figure F.18 SPSS analysis outputs for the two-way ANOVA for the perceived difficulty of 
the task scores of individuals with ASD in the inspection experiment. 
 
 
Figure F.19 SPSS analysis outputs for the two-way ANOVA for the ease of concentration 
scores of individuals with ASD in the inspection experiment. 
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Figure F.20 SPSS analysis outputs for the two-way ANOVA for the ease of finding the 
defects scores of individuals with ASD in the inspection experiment. 
 
 
Figure F.21 SPSS analysis outputs for the two-way ANOVA for the frustration scores of 
individuals with ASD in the inspection experiment. 
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Figure F.22 SPSS analysis outputs for the two-way ANOVA for the limitation scores of 
individuals with ASD in the inspection experiment. 
 
 
Figure F.23 SPSS analysis outputs for the two-way ANOVA for the presence scores of 
individuals with ASD in the inspection experiment. 
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Figure F.24 SPSS analysis outputs for the two-way ANOVA for the motion sickness scores 
of individuals with ASD in the inspection experiment. 
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APPENDIX G 
STATISTICAL ANALYSIS OUTPUTS FOR THE SEARCHING EXPERIMENT 
 
 
Figure G.1 SPSS analysis outputs for the two-way ANOVA for the scores of neurotypical 
individuals in the searching experiment. 
 
 
Figure G.2 SPSS analysis outputs for the paired t-tests for the scores of neurotypical 
individuals in the searching experiment. 
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Figure G.3 SPSS analysis outputs for the two-way ANOVA for the perceived difficulty of 
the task scores of neurotypical individuals in the searching experiment. 
 
 
Figure G.4 SPSS analysis outputs for the two-way ANOVA for the level of distraction 
scores of neurotypical individuals in the searching experiment. 
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Figure G.5 SPSS analysis outputs for the two-way ANOVA for the ease of concentration 
scores of neurotypical individuals in the searching experiment. 
 
 
Figure G.6 SPSS analysis outputs for the paired t-tests for the ease of concentration scores 
of neurotypical individuals in the searching experiment. 
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Figure G.7 SPSS analysis outputs for the two-way ANOVA for the ease of finding the boxes 
scores of neurotypical individuals in the searching experiment. 
 
 
Figure G.8 SPSS analysis outputs for the two-way ANOVA for the level of frustration 
scores of neurotypical individuals in the searching experiment. 
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Figure G.9 SPSS analysis outputs for the two-way ANOVA for the feeling of limitation 
scores of neurotypical individuals in the searching experiment. 
 
 
Figure G.10 SPSS analysis outputs for the paired t-tests for the feeling of limitation scores 
of neurotypical individuals in the searching experiment. 
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Figure G.11 SPSS analysis outputs for the two-way ANOVA for the presence scores of 
neurotypical individuals in the searching experiment. 
 
 
Figure G.12 SPSS analysis outputs for the two-way ANOVA for the motion sickness scores 
of neurotypical individuals in the searching experiment. 
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Figure G.13 SPSS analysis outputs for the two-way ANOVA for the scores of individuals 
with ASD in the searching experiment. 
 
 
Figure G.14 SPSS analysis outputs for the paired t-tests for the scores of individuals with 
ASD in the searching experiment. 
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Figure G.15 SPSS analysis outputs for the two-way ANOVA for the perceived difficulty of 
the task scores of individuals with ASD in the searching experiment. 
 
 
Figure G.16 SPSS analysis outputs for the paired t-tests for the perceived difficulty of the 
task scores of individuals with ASD in the searching experiment. 
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Figure G.17 SPSS analysis outputs for the two-way ANOVA for the level of distraction 
scores of individuals with ASD in the searching experiment. 
 
 
Figure G.18 SPSS analysis outputs for the two-way ANOVA for the ease of concentration 
scores of individuals with ASD in the searching experiment. 
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Figure G.19 SPSS analysis outputs for the two-way ANOVA for the ease of finding the 
defects scores of individuals with ASD in the searching experiment. 
 
 
Figure G.20 SPSS analysis outputs for the two-way ANOVA for the level of frustration 
scores of individuals with ASD in the searching experiment. 
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Figure G.21 SPSS analysis outputs for the paired t-tests for the level of frustration scores 
of individuals with ASD in the searching experiment. 
 
 
Figure G.22 SPSS analysis outputs for the two-way ANOVA for the feeling of limitation 
scores of individuals with ASD in the searching experiment. 
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Figure G.23 SPSS analysis outputs for the two-way ANOVA for the presence scores of 
individuals with ASD in the searching experiment. 
 
 
Figure G.24 SPSS analysis outputs for the two-way ANOVA for the motion sickness scores 
of individuals with ASD in the searching experiment.
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APPENDIX H 
COMPILATION OF THE DESIGN CONSIDERATIONS SUGGESTED BY THIS DISSERTATION FOR VR 
TRAINING SYSTEMS FOR ASD 
Table H.1 Compilation of the design considerations for VR training systems for ASD suggested by this dissertation. The 
design guidelines were classified based on a hierarchy from Level 1 to Level 3; whereas Level 1 represents the most general 
hierarchy level and Level 3 represents the most specific hierarchy level. 
 
Design Consideration Based on Experiment 
Hierarchy 
Level 
Background distracters in the form of visual animations and audio do not 
affect the user performance of individuals with ASD in VR. 
Data 
VR4VR 
System 
Level 1 
Getting a score of 0 may discourage individuals with ASD, shifting the 
scores so that the minimum is not 0 would be more encouraging. 
Interviews 
VR4VR 
System 
Level 1 
Using words that may be easily misunderstood as offensive such as 
'Subtask Failed' may discourage individuals with ASD. Choosing more 
affirmative alternatives such as 'Try again' would be more encouraging. 
Interviews 
VR4VR 
System 
Level 1 
Being consistent even in the irrelevant aspects is very important 
(confusion created by the different label orientations in the shelving 
module). 
Interviews / 
Observations 
VR4VR 
System 
Level 1 
Breaking the task down as much as possible is very important (confusion 
in the shelving tutorial and poor performance in the loading the back of a 
truck and the environmental awareness tasks). 
Data 
VR4VR 
System 
Level 1 
Repetitive tasks did not bore the participants with ASD. Repetition could 
be exploited for reinforcement. 
Interviews / 
Observations 
VR4VR 
System 
Level 1 
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Design Consideration Based on Experiment 
Hierarchy 
Level 
Using frequent assistive prompts may annoy and overwhelm the users 
with ASD. Making the triggering of the assistive prompts optional would 
work better. 
Interviews 
VR4VR 
System 
Level 2 
Participants with ASD may tend to not break the routine even if they get 
tired. Designing frequent breaks that are proportional to the physical 
effort is very important. 
Interviews / 
Observations 
VR4VR 
System 
Level 2 
Money management skills training would be valuable for individuals with 
ASD. 
Data 
VR4VR 
System 
Level 3 
Simple questions that were asked with funny moods (such as angry or 
bossy) may cause uncontrollable laughing in some individuals with ASD. 
Inducing such moods may provide a valuable area for training in the 
social skills. 
Interviews / 
Observations 
VR4VR 
System 
Level 3 
Animated instructions provided the best user experience for individuals 
with ASD, followed by the written. These two methods would work well 
in VR applications. 
Data 
Instruction 
Methods 
Level 2 
Avoiding pictographs (confusion in 2D 3D translation) and verbal 
instructions (anxiety in mishearing or missing) would work better in VR 
applications for individuals with ASD. 
Data 
Instruction 
Methods 
Level 2 
Virtual human character was found to be creepy by the participants with 
ASD. Having the virtual humans make a natural entrance into the scene 
instead of instantly appearing in an area that is directly visible to the user 
as soon as the scene is started would work better.  
Interviews 
Instruction 
Methods 
Level 2 
If verbal instructions need to be used, having a repeat option would help 
in decreasing the anxiety of mishearing or missing the instructions. 
Interviews / 
Observations 
Instruction 
Methods 
Level 3 
Some users forgot the second workbench with the written and verbal 
instructions. Having a layout of the virtual environment would be 
beneficial with the instructions that do not provide visual cues. 
Data 
Instruction 
Methods 
Level 3 
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Design Consideration Based on Experiment 
Hierarchy 
Level 
Identical symmetrical arrangements of the meaningful objects created 
confusion in the users (Task 5 of the instruction methods experiment). 
Data / 
Interviews 
Instruction 
Methods 
Level 3 
Having pictographs and text instructions always visible as overlays would 
work better since it would decrease the effect of forgetting the content of 
the instructions. 
Interviews / 
Observations 
Instruction 
Methods 
Level 3 
Low visual fidelity made the environment seem more spacious and high 
visual fidelity made the users feel slightly more restricted. 
Data Inspection Level 1 
Users with ASD tended to underestimate the missed boxes indicating 
that they might be perceiving their performance better than it actually is. 
Data Inspection Level 1 
Making the important elements in the scene bigger for individuals with 
ASD would work better. 
Interviews / 
Observations 
Inspection Level 1 
Constantly moving elements in the scene are more likely to induce 
motion sickness (the two moving conveyor belts). 
Data / 
Interviews 
Inspection Level 1 
Fast paced task design may overwhelm the users with ASD and make 
them feel underachieved (the boxes on the two moving conveyor belts). 
Interviews Inspection Level 1 
Low visual fidelity may be used in VR training applications since it led to 
better performance for individuals with ASD. 
Data Inspection Level 2 
Normal view may be used in VR training applications since the magnified 
view didn't improve the performance and it is not as natural as normal 
view. 
Data Inspection Level 2 
High visual fidelity attracted the attention of the users with ASD (the 
more detailed the more interesting for them). Hence, for entertainment 
games or rehabilitation applications, high visual fidelity may be used. 
Data / 
Interviews 
Inspection Level 2 
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Design Consideration Based on Experiment 
Hierarchy 
Level 
Magnified view can be used for the tasks that aim to restrict the user's 
view and enforce them to focus on some specific elements since it was 
preferred by individuals with ASD over the normal view, it didn't induce 
motion sickness or any other negative aspects. 
Data Inspection Level 3 
The time limit made the users with ASD frustrated and feel 
underachieved. Tight time limits may be avoided in VR applications for 
ASD unless the aim is to prepare the participants for such short time 
limits. 
Interviews Searching Level 1 
Making all of the elements that contribute to the score visible to the users 
made them feel underachieved (seeing all available boxes that could be 
found). Making these elements appear one by one would be more 
encouraging for users with ASD. 
Interviews Searching Level 1 
Familiar labels on the virtual objects made the users with ASD feel 
comfortable, made the task seem easier for them. They also stated that 
they felt more connected to the application. Hence, common found daily 
life objects may be included into VR applications for VR to make the 
participants feel more comfortable. 
Interviews Searching Level 1 
The users with ASD tended to count their own scores although no score 
was presented to them. They made positive statements when they beat 
their own score. Hence, incorporating score tracking that emphasizes 
improvement in VR applications might be encouraging for individuals 
with ASD. 
Interviews / 
Observations 
Searching Level 1 
Clutter worsened the user performance and made the users perceive the 
task as more difficult. Hence, avoiding using clutter for training 
applications when task performance is important would work better. 
Data Searching Level 2 
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Design Consideration Based on Experiment 
Hierarchy 
Level 
No significant effect of motion was observed (although slightly worsened 
the user performance). However, since it was stated to be distracting and 
focus dividing in the interviews, and was not preferred by the users, 
avoiding using unnecessary motion in VR applications for ASD would 
work better. 
Data Searching Level 2 
Although it degraded their performance, the users with ASD made 
preference for clutter stating that it made the virtual environment more 
comfortable for them. Hence, clutter may be included in VR games or 
rehabilitation applications for ASD which aims to keep the users 
attention for long hours. 
Data / 
Interviews 
Searching Level 2 
Some users were confused by the target label and accidentally switched 
back to searching for the boxes with the previous label. Having the 
objective visible to the users at all times would work better in VR 
applications for ASD. 
Data 
/Observations 
Searching Level 2 
The participants with ASD accepted VR training and HMD positively. 
Data / 
Interviews / 
Observations 
All Four 
Experiments 
Level 1 
Loose and slightly fidgety material (markers and the HMD) irritated the 
participants with ASD. Securing the wearables as much as possible would 
work well. 
Interviews / 
Observations 
All Four 
Experiments 
Level 1 
Individuals with ASD may tend to give positive scores in the surveys due 
to their affinity for technology. Supplementary comparative ranking 
questions and interviews would be valuable in understanding their 
preferences. 
Data / 
Interviews / 
Observations 
All Four 
Experiments 
Level 1 
The preferences of individuals with ASD were not in alignment with their 
performances during the experiments. More studies that are based on 
data comparisons are needed. 
Data / 
Interviews / 
Observations 
All Four 
Experiments 
Level 1 
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Design Consideration Based on Experiment 
Hierarchy 
Level 
Prompts that aren't brief and literal confused the participants with ASD. 
Thinking possible different interpretations of the prompts/instructions 
and making them as literal and clear as possible would work better 
(silverware cookware confusion in the instruction methods experiment). 
Interviews 
All Four 
Experiments 
Level 2 
